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INTRODUCTION. 


It will at once be seen that condensation of the materials pro¬ 
duced by previous authors, and the introduction of a judicious 
selection of matter, adapted to the expanded intellect of the 
present age, are the proper requisites for a work on Mensura¬ 
tion. To this plan, the author trusts, from his long expe¬ 
rience in engineering pursuits, that he has strictly adhered. 
In the first part, on Practical Geometry, numerous examples 
are introduced, wherein the dimensions of certain parts are 
given to find the dimension of their corresponding parts, 
which has been rarely or never done by previous authors. 
This part is succeeded by a second part, on the Mensuration 
OF Lines ; which is not added for the sake of novelty only, 
but because it seemed to be the natural order of a work of 
this kind. The third and fourth parts treat of the Mensura¬ 
tion OF Superfices and of Solids ; while in all the three 
last-named parts the rules are not only given in words at 
length, in the usual way, but the same rules are expressed by 
Formulas, together with other formulffi depending thereon, 
bv which the rules receive considerable extension. Some of 
the rules and examples are taken verbatim from Dr. DLuttorCe 
Memuration; for the author conceives that it would be dis¬ 
reputable to attempt, by verbal alterations in such rules, to 
give an air of originality to his work, as all other authors have 
done since Dr. H.’s time : the originality of this work consists 
in the new matter, everywhere added, to adapt it to the 
wants of modem times. Timber measure and Artificer’s 
work, the latter with considerable modem improvements, are 
next introduced, with concise and practical methods of finding 
the surfaces and solidities of vaulted roofs, arches, domes, &c. 

Concise, and the author trusts, clear systems of Mensuration 
applied to land, i.e. surveying, leveUing, laying out railway 
curves and finding the contents of railway cuttings, complete 
the work, and may seiwe as an introduction to other more 
extended treatises on Land and Engineering Surveying, adapted 
to modern practice. 

The demonstrations of all the mles and formulae, in the 
four leading parts of the work, will be found in Dr. Button^ 
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M ENSURATION 


PART I. 


PRACTICAL GEOMETRY. 


DEFINITIONS. 


1. A point has no dimensions, neither length, breadth, nor 
thickness. 

2. A line has length only, as A. 

3. A rurface or plane has length and 
breadth, as 6. 



4. A right or straight line lies wholly in the same direction. 


as A B. 

5. Parallel lines are always at the same ^ ® 

distance, and never meet when prolonged, q _p 

as A B and C D. 

6. An angle is formed by the meeting of . 

two lines, as AC, C B. It is called the 

angle ACB, the letter at the angular point C~—_—. ^ 

C being read in the middle. 

7. A right angle is formed by one right ^ 

line standing erect or perpendicular to an- . p 

other; thus, ABC is a right angle, as is / 

also ABE. / 

V U 

8. An acute angle is less than a right v n 

angle, as D B C. 


9. Aji obtuse angle is greater than a right angle, as DBS. 




PRACTICAL GEOMfiTRT. 


10. A plane triangle is a 
and has three angles. 


space included by three right lines 




11. A right angled triangle has one rio^hf 
angle, as A B C. The side A C, opposite the 
right angle, IS called the hypothenuse; the 

sides A B and B C are respectively called the 
nase and perpendicular 


12. An obtuse angled triangle lias one obtuse 
angle, as the angle at B. * 

13. An acute angled triangle has all its 
three angles acute, as D. 


14. An equilateral triangle has three equal 
sides, and three equal angles, as E. 

15. An isosceles triangle has two equal sides, 

and the third side greater or less than each ol 
the equal sides as F. 


16. A quadrilateral figure is a space bounded by four ri'rht 

lines, and has four angles; when its opposite 
sides are equal, it is called a parallelogram. 

_ \1. A square has all its sides equal, and all 
its angles right angles, as G. 



IS. A rectangle is a right angled parallelogram, whose lenn-th 
xceeds its breadth, as B, (see figure to definition 3). 



19. A rhombus is a parallelogram having 

all its sides and each pair of its opposite angles 
equal, as I. 



20. A rhomboid is a parallelogram havinf^ 
its opposite sides and angles equal, as K. 



21. A trapezium is bounded by four 
straight lines, no two of which are parallel 
to each other, as L. A. line connecting 

any two of its angles is called a diagonal, as 
A B, 


• In some worKs this is also callea 


a scaiene triangle. 


PRACTICAL GEOMETRY. ® 

t 

22. A trapeioid is a quadrilateral, having two f ^ 
of its opposite sides parallel, and the remaining |__| 

^'ViTO ROtj R8 Jll. • I 

2S. Polygon* have more than four sides, and receive parliculai 
names, according to the number of their sides. Thus, a pentagon 
has five sides; a hexagon^ six; a heptagon, seven; an octagon, 
eight; &c. They are re^lar polygons, when all their sides and 

angles are equal, otherwise irregular polygons. 

24. A circle is a plain figure, bounded by a 
curve line, called the circumference, which is 
everywhere equidistant from a point C within, 

called the centre 

25. An arc of a circle is part of the circumference, as AU 

26. The diameter of a circle is a straight 
line A B, passing through the centre C, and 
dividing the circle into two equal parts, 
each of which is called a semicircle. Half 
the diameter AC or C B is called the radius. 

If a radius CD be drawn at right angles to 
AB, it will divide the semicircle into two 
equal parts, each of which is called a quadrant, or one fourth of 
a circle. A chord is a right line joining the extremities of an 
arc, as FE. It divides the circle into two unequal parts called 
segments. If the radii CF, CE be drawn, the space, bounded by 
these radii and the arc FE, will be the sector of a circle. 

27. The circumference of every circle is supposed to be divided 
into 360 equal parts, called degrees, and each degree into 60 
minutes, each minute into 60 seconds, &c. Hence a semicircle 
contains 180 degrees, and a quadrant 90 degrees. 

28. The measure of an angle is an arc of any . ^ 

circle, contained between the two lines which / 

form the angle, the angular point being the centre; | ; 

and is estimated by the number of degrees con- 

tained:—thus the arc AB, the centre of which --''g 

is C, is the measure of the angle ACB. If the 
angle ACB contain 42 degrees, 29 minutes, and 48 seconds, it i' 
thus written 42* 29' 48". 

The magnitude of an angle 
does not consist in the length of 
the lines which form it: the 
angle CBG is less than the 
angle ABE, though the Hues 
CB, GB are longer man AB, 

EB. 
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PRACTICAL GEOMETRY. 

PROBLEMS IN PRACTICAL GEOMETRY. 

a straight ed|e are require^^the ^prob^ms^b^yoJd "the *“<1 

oommon case of instruments.) ' in a 

Problem I. 

To divide a given straight line A B into tioc 
equal parts. 

From the centres A and B, with any radius. 

OT opening of the compasses, greater than half 

AB, descr.be two arcs, cutting each other in C 

and D; draw C D, and it will cut A B in the 
middle point E. 

Problem II. 

At a, givey*, distance E, to draw a straight line C D varallel 
to a given straight line A B. '>f 

^ From any two points m and r, in 

line A B, with a distance equal to 

E, describe the arcs n and ,y:_draw 

C D to touch these arcs, without cut¬ 
ting them, and it will be the parallel 
required. 

Problem III. 

Through a given point r, to draw a straight line CD varallel 
to a given straight line A B. ^ 

From any point n in the line A B, with 

the distance wr, describe tlie arc rm\ _from 

centre r, with the same radius, describe the 
arc w 5:—take the arc nir in the compasses, 
and apply it from n to s':—througli r and a 
draw C D, which is the parallel required. 

Problem IV. 

From a given point P in a straight line XB to erect a ver- 
peiidicalar. ^ 

1 IVhen the point is in or near the middle of the line. 

Gn each side of the point P take any two 
equal distances, V m, Pn; from the points 
m and n, as centres, with any radius greater 
than P m, describe two arcs cuttin” each 
other in C; through C, draw CP, and'^it will 
P a B perpendicular required. 
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PRACTICAL GEOMETRY. 

2. IVhen the point P is at the end of the i 

With the centre P, and any radius, de¬ 
scribe the arc nr s from the point w, 
with the same radius, turn the compasses 
twice on the arc, as at r and s :—again, 
with centres r and s, describe arcs inter¬ 
secting in C :—draw C P, and it will be 
the perpendicular required. 

Notk. This problem and the following one are usually done witli an inatni 
ment called the square. 

Problem V. 

From a given point C to let fall a perpendicular to a given line 

1 When the point is nearly opposite the middle of the line. 

From C, as a centre, describe an arc to cut ^ 

A B in wi and n ;—with centres m and w, 
and the same or any other radius, describe 
arcs intersecting in o: through C and o draw 
C o, tlie perpendicular required. 

2. When the point is nearly opposite the end of the line. 

From C draw any line C m to meet B A, 
in any point /»;—bisect C m in w, and with 
the centre n, and radius Cw, or m», describe 
an arc cutting B A in P. Draw C P for the 
perpendicular required. 

Problem VI. 

To construct a triangle with three given right lines^ any two 
of which must he greater than the third. (Euc. I. 22.) 

Let the three given lines be 5, 4 and 3 
yards. From any scale of equal parts lay 
off the base A B = 5 yards; with the 
centre A and radius A C = 4 yards, de¬ 
scribe an arc ; with centre B and radius A -jj 

CB = 3 yards; describe another arc cutting the former arc ID 
C•—draw A C and C B; then A B C is the triangle required. 

Problem Vll. 

Given the base and perpendicular., ivith 
the place of the latter on the base, to con¬ 
struct the triangle. 

Let the base A B = 7, the per¬ 
pendicular C D = 3, and the dis¬ 
tance AD = 2 chains. Make A B 
— 7 and AD = 2;—at D erect the 


n 




B 


ZX 


y. 















; y 




r, • > V ' V, * : 




* ' /f^i.^*: 


-;• V. *r ' 

•.£S ^ 

V_-: 


.Tl- ^-V'--" 



.-i v^c^T' 


PRACTICAL GEOMETRY. 
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perpendicular D C, which make = 3 : 
then A B C is the triangle required. 


draw A C and C B ; 
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Problem VIII 


To describe a square, whose side shall he of a given length. 

-S 

D.,—_Il-S:-jO Let the given line A B be three feet. 

At the end B of the given line erect the 
perpendicular B C, (by Prob. IV. 2.) which 
make = A B :—with A and C as centres, 
and radius A B, describe arcs cutting- each 

I • ^ 

AT-'jj Other in D ; draw AD, DC, and the 

square will be completed. 


A : 




Problem IX. 

To describe a rectangled parallelogram having a given length 
and breadth. 


B 


D : join A D, D C 


Let the length A B = 5 feet, 
■nJ and the breadth B C = 2. At B 

' ^ erect the perpendicular B C, and 

; make it = 2 :—with the ceuti-e A 

I and radius B C describe an arc ; and 

B with centre C and radius AB describe 

another arc, cutting the former in 
D : join AD, D C to complete the rectangle. 

Problem X. 

The base and two perpendiculars being given to construct a 
trapezoid. 

D -- |t Let the base A B = 6, and the 

I perpendiculars A D and B C, 2 and 

j 3 feet respectively. Draw the per- 

) I pendiculars A D, D C, as given above, 

--IB and join D C, thus completing the 

trapezoid. 


A 


Pr OBLEM XI. 

To construct a right angled triangle having a given base and 
perpendicular, and to find the hypothenuse. 

/ ^ Let the base A B = d feet, and the ])erpen- 

X dicular B C = b. Draw B C per[)endicular 

y/ to A B, and join AC; then ABC will be the 

/ _J triangle required, and A C being measured will 

K B be found = 10 feet. 


/a.'.i 





practical geometry. 



Problem XII. 

Having given the base and hypothenuse to construct the right 
angled triangle, and find the perpendicular, 

{See figure to last Problem.) 

Let A B = 6 feet and A C = 10.—Draw the perpendicular 
B C indefinitely; take A C = 10 feet in the compasses, and with 
one foot on A apply the other to C ; join A C, which completes 
the triangle, and B C will be found = 8 feet. 

EXAMPLE. 

A ladder 50 feet in length is placed with its foot 14 feet from 
a wall, the top of the ladder just reaching to the top of the wall; 
required the height of the wall. 

Here 14 feet is the base of the right angled triangle, and 50 
feet, = length of the ladder is the hypothenuse, with which the 
triangle being constructed, as in the last Problem, the perpen¬ 
dicular will be found = 48 feet. 

Problem XIII. 

To divide a given angle ABO into two e 

From the centre B, with any 
distance, describe the arc .A, 0. 

From A and C, with one and the 
same radius, describe arcs inter¬ 
secting in m. Draw the line B m, 
and it will bisect the angle as re¬ 
quired . 

Problem XIV. 

To set off an angle to contain a given number of degrees. 

Let the angle be required to 
contain 41 degrees. Open the 
compasses to the extent of 60° 
upon the line of chords, and 
setting one foot upon A, with 
this extent, describe an arc cut¬ 
ting A B in B ; then taking the A 
extent of 41° from the same line of chords, set it off from B to 
C; join A C ; then B A C is the angle required. 

Problem XV. 

To measure an angle contained by two straight lines. 

(See last figure.) 

Let A B, A C contain the angle to be measured. Open the 
compasses to the extent of 60°, as before on the line of chorus, 
=.nd with this radius describe the arc B C, cutting ABAC 
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produced; if necessary, in B and C ; then extend the compasses 
from B to C, and this extent, applied to the line of chords, will 
reach to 41°, the required measure of the angle BAG. 

A right angle, or perpendicular, may be laid off by extending 
the arc B C, and setting off the extent of 90° thereon. Also an 
angle greater than 90° may be laid off, by still further extending 
the arc, and laying the excess of the arc above 90°, from the end 
of the 90th degree. 

Note. Angles are more correctly and expeditiously laid off and measured 
by an instrument called the protractor, to be hereafter described. 




C Problem XVI. 

To find the centre of a circle.. 

Draw any chord A B, and by Prob. 1. 
bisect it perpendicularly with C D, which 
will be a diameter. Bisect C D in the point 
O, and that will be the centre. 

Problem XVll. 

T'o describe the circumference of a circle through three given 

points ABC. 

« 

Prom the middle point B draw chords 
to the two other points A, C, bisect these 
chords perpendicularly by lines meeting 
in O, which will be the centre ; then from 
the centre O, at the distance O A, or O B, 
or O C, describe the circle. 

Note. In the same manner may the centre of an arc of a circle be found 

Problem XVIII. 

Through a given point A to draw a tangent to a given circle. 

Case I. IFhen A is in the circumference of the circle. 

Q From the given point A, draw A O to 

the centre of the circle ; then through A 
draw B C perpendicular to A (J, and it will 
be the tangent as required. 

Case II. F hen the given gornt is B not in 
the circumference. 

From B draw B O to the centre of the circle ; and on B O 
describe the semicircle B A O, cuttiug the circle in : then 
through B and A draw B A C, and it will be the taii^ent re¬ 
quired. 


B 














PRACTICAL GEOMKTRT. 



Problem XIX. 

To make a regular ‘pentagon on a given line A. B. 

Make B m perpendicular and equal 
to half A B ; draw A m, and produce / \/^ ^ 

it till in n be equal to B m; with centres f\/^ 

A and B, and distance B n describe ;\ .f-''*" 

arcs intersecting in o, which will be \\ / 

the centre of the circumscribing circle: \\ j 

then with the centre o, and the same -: 

radius, describe the circle ; and about A ' 

the circumference of it apply A B the proper number of 

Problem XX. 

To make a hexagon on a given line A B. 

With the distance A B, and the // 

centres A and B, describe arcs inter- // 

^ I M 

secting in o ; with the same radius and '/ ' -•* 

centre o describe a circle, which will ‘\ .*• ' 

^ 1 \ 

circumscribe the hexagon ; then apply \\ 

the line A B six times round the cir- 

cumference, marking out the angular A - 

points, and connect them with right lines. 

Problem XXL 

To make an octagon on a given line A B. 

Erect A F and B E perpendicular F 

to A B ; produce A B both ways, and - 

bisect the angles w A F and n B E t\ 

with the lines A H and B C, each Gp j 

equal to A B ; draw C D and H G | 

parallel to A F or B E, and each equal i 

to A B; with the distance A B, and ul ..""j 
centres G and D, cross A F and B E /K. 1 

m F and E : then join G F, F E, E D, L __ 

and it is done. '" A 

Problem XXII. 

To make any regular polygon on a 
given line A B. ”// 

Draw A o and B o making the ;/ 

angles A and B each equal to half :/ \ 

the angle of the polygon, by Prob. / \ 

XiV., with the centre o and distance 'vs. 
o A describe a circle : then apply the 

line A B continually round the cir- a'. 

nimference tlie proper number of times, and it is done. 


B 

tiroes. 
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PRACTICAL GEOMETRY. 


N OTK. The angle of any polygon, of which the angles o A B and o B A aie 
each one half, is found thus: divide the whole 360 degrees by the number of 
sides, and the quotient will be the angle at the centre o; then subtract that 
from 180 degrees, and the remainder will be the angle of the polygon, and is 
double of 0 A B or of o B A. And thus you will find the numbers of the fol¬ 
lowing table, containing the degrees in the angle o, at the centre, and the 
angle of the polygon, for all the regular figures from 3 to 12 sides. 


1 

1 

No of sides. 

i 

1 . 

t Name of the Polygon. 

Angle 0 
at the 

Angle 
of the 

Angle 

0 A B or 

1 

centre. 

polygon. 

I 0 B A. 

3 

Trigon (Triangle) 

120° 

60° 

30° 

4 

Tetragon 

90 

90 

45 

5 

Pentagon 

72 

108 

54 

6 

Hexagon 

60 

120 

60 

7 

Heptagon 

514 

128f 

644 

8 

Octagon 

45 

135 


9 

Nonagon 

40 

140 

70 

10 1 

1 

Decagon 

30 

144 

72 

'■ i 
12 

Undecagon . 

32,•, 

147^\ 

73 A 

75 

Dodecagon 

30 

150 


Problem XXllI. 

In a given circle to inscribe any regular polygon ; or to dirii/e 
the circumference into any number of equal parts. 

{See the last figure^ 

At the centre o make an angle equal to the angle at the centre 
of the polygon, as contained in the third column of the above 
table of polygons : then the distance A B will be one side of the 
polygon, which being carried round the circumference the proper 
number of times, will complete the figure. Or, the arc A B will 
be one of the equal parts of the circumference. 


Problem XXI Y. 

About a given circle to circumscribe any regular polygon. 

Find the points m, n, &c., as in the 
last })roblem ; to which draw radii m o, 
n o, &c., to the centre of the circle ; then 
through these points in, n, S:c., and f)er- 
pendicular to these radii, draw the sides 
of the polygon. 



m 


EXAMPLE. 

IwCt the radius of the given circle be five feet; then, having 
dppcnbed a regular nentagon round it, the side of the figure 
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will be found = 7 feet 3^ inches. If the figure to be described 
round the same circle be a regular hexagon, its aide will be 
fo und = 5 feet 9 inches: and so on for any other regular 

polygons. 


Problem XXV. 


To Jtnd the centre of a given polygon^ or the centre of its in 
serib^ or circumscribed circle. 


Bisect any two sides with the per¬ 
pendiculars m o, no, and their intersec¬ 
tion will be the centre ; then with the 
centre o, and the distance o m, descrihe 
the inscribed circle; or with the distance 
to one of the angles as A, describe the 
circumscribing circle. 

Problem XXVI. 



In any given triangle to inscribe a circle. 

Bisect any of two of the angles with 
the lines A o, B o; and o will he the 
centre of the circle ; then with the 
centre o, and radius the nearest dis¬ 
tance to any one of the sides, describe 

the circle. 



PLB. 


Let the sides of the given triangle be 5, 4, and 3 feet; then, 
having inscribed a circle therein, its radius will be found = 
I foot. 


Problem XXVII. 


About a given triangle to circumscribe a circle. 


Bisect any of the two sides A B, B C, 
with the perpendiculars m o, no,; with 
the centre o, and distance to any one of 
the angles, describe the circle. 

EXAMPLE. 

Let the sides of the given triangle be 
15, 14, and 13 feet; then having de¬ 
scribed a circle about it, the radius will 
be found = 8 feet 1^ inches. 



Problem XXVIII. 


In, or about, a given square to describe a circle. 

Draw the two diagonals of the square, and their ictar- 
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section o will be the centre of both the 
circles : then with that centre, and the 
nearest distance to one side, describe the 
inner circle, and with the distance to' one 
angle, describe the outer circle. 


EXAMPLE. 


^t the side oi the given square be 3 feet: then, having de¬ 
scribed circles in and about it, the radius of the former will be 
found = 


nearly. 


H feet, and that of the latter 


2 feet H inches 


Problem XXIX. 



In, or about, a given circle, to describe a square or an octagon. 
C 

Draw two diameters A B, CD, perpen¬ 
dicular to each other; then connect their 
extremities, and that will give the inscribed 
square A C D B. Also through their ex¬ 
tremities draw tangents parallel to them, and 
they will form the outer square m n op. 

Note. If any quadrant, as A C, be bisected in q, it will give one-eigbtli of 
the circumference, or the side of the octagon. 

PKOIILEM XXX. 

hi a given circle to inscribe a triangle, a hexagon, ora do<te<:agon. 

The radius of the circle is the side 
of the he.xagon ; therefore from any 
point A in tlie circuml’erenee, with the 
distance of the radius, describe tlie arc 
B O F : tlien is A B the side of the 
hexagon ; and therefore carrying it 
six times round will form tlic hexagon, 
or will divide the circumference into 
six equal parts, each containing ()0 
degree^.—I'lie second of tliese, will 
give A C the side of the trigon, or equilateral triangb* t' F, and 
the arc A (’- one-third of the circumference, or l‘J0 degree's.— 
Also the lialf ot .A B, or A n, is one-twelfih of the circnmh renee, 
or 30 degrees, which gives the side of the dodecagon. 

Note. If tangents to the circle he drawn through all the an^MiIar points o( . 
tny inscribed figure, they will form the sides of a like circuniscTiihng fitrore. 

KXAM PLE. 

In a circle, the radius of whioh is 10 feet, inscriljo a h 

hexagon, and a dodecagon. — IlavinL:; measured a sidc^ (jt tlie 



C 


D 
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leveral figures, that of the trigon will be found = 17 feet 4 
inches, that of the hexagon 10 feet, and that of the dodecagon 
5 feet 2 inches. 

Problem XXXI. 

In a given circle to inscribe a pentagon or a decagon. 

Draw the two diameters A P, m w 
perpendicular to each other, and bisect 
the radius o n q ; with the centre q 
and the distance q A, describe the arc 
A r ; and with the centre A, and 
radius A r, describe the arc r B : then 
is AB one-fifth of the circumference; 
and A B carried five times over will 
form the pentagon. Also the arc A B 
bisected in s, will give A s the tenth 
part of the circumference, or the side of the decagon. 

Noth Tangents being drawn through the angular points will form the 
circumscribing pentagon or decagon. 


A 



P 


EXAMPLE. 

In a circle, the radius of which is 10 feet, inscribe a pentagon 
and decagon.—Having measured a side of each of the figures, 
that of the pentagon will be found =11 feet 9 inches, and that 
of the decagon = 6 feet 2 inches. 

Problem XXXII. 


To Make a triangle similar to a given triangle ABC. 

Make a B equal to the base of the required 
triangle; through a draw a c parallel to A C: 
then a B c is the triangle required. 

EXAMPLE. 

Let A B = 12, A C = 15 and B C = 9 

feet; and the side a B of the required tri¬ 
angle = 8 feet.—Then having drawn a c 
parallel to A C, the side ac will be found =10, and B c 



G feet 


Problem XXXITI. 

To make a fgnre similar to any 
other given jigure A B C D E. 

From any angle A draw diagonals 
to the other angles ; take A 6 a side 
of the figure required ; then draw h c 
parallel to B C, and c d to C D, and 
/ c to n E. &c. 




t 




• 4 
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together. 


Problem XXXIV. 

To make a square equal to two given 
squares P and Q. 

Set two sides A B, B C, of the given 
squares, perpendicular to each other; 
join their extremities A C ; so shall the 
square R, constructed on A C, be equal 
to the two P and Q taken 
(Euc. I., 47.) 

Problem XXXV. 

To make a square equal to the difference between two aiven 
squares^ P, R. 

# 

(See the last figure,^ 

On the side A C of the greater square, as a diameter, describe 
a seimcircle; in which apply A B the side of the less square; 

join B C, and it will be the side of a square equal to the differ¬ 
ence between the two P and R as required. 

Problem XXXVI. 

To make a square equal to the sum of any number of squares 
taken together. ^ j 'i 

Draw two indefinite lines A w, A n, perpendicular to each 
other at the point A. On the one of these set off A B the side 

of one of the given squares, and on the other 

another of them ; join B C, 
and it will be the side of a square equal to the 
two together. Then take A D equal to B C, 
and A E equal to the side of the third given 

gQ shall D E be the side of a square 


square 

»• D C A sum of the three given squares. 

. And so on continually, always setting more sides 

of the given squares on the line A n, and the sides of the suc¬ 
cessive sums on the other line A m. 




Problem XXXVII. 

To construct a figure resembling an ellipse, ha circular arcs 
*roni four centres. 

On a line F ^ of convenient length, describe two equilateral 
trian^es F Py, F p f\ prolong the sides of the triangles; 
join P p, as shown in the figure. AVith centres P, p and 
radius P H — p h describe the arcs II I, h i, meeting the 
prolonged sides of the triangles, and such that the diameter C 1' 
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may be equal to the required d 

width of the figure ; with 
centres, F,/* and radius H F 
= I y = &c., describe the 
arcs H A A, I t, and the 
figure will be completed. 

Note. If the longer diameter 
A B be not obtained of the re- 
i|uired length by the above opera¬ 
tion, the triangles F P /, F p f 
may be enlarged or diminished, ^ 

or made isosceles, till bv trials the H'P 

^ 9 

proper dimensions are obtained.—This method of drawing the ellipse is prae 
tised by the picture-frame makers. 

Problem XXXVIII. 

To describe a true ellipse. 

Let T R be the trans¬ 
verse, C O the conjugate, 
and e the centre. With 
the radius T c and centre 
C, describe an arc cutting 
T R in the points F f\ 
which are called the two 
foci of the ellipse. 

Assume any point P in 
the transverse; then with 

the radii P T, P R, and centres F, /, describe two arcs inter¬ 
secting in I; which will be a point in the curve of the ellipse. 

And thus, by assuming a number of points P in the trans¬ 
verse, there will be found as many points in the curve as you 

please. Then, with a steady hand, draw the curve through al 
these points. 




OTHERWISE,-WITH A THREAD. 

Take a thread of the length of the transverse, T R, and fasten 

*ts ends mth two pins in the foci F,/. Then stretch the thread, 

and it will reach to I in the curve ; and by moving a pencil 

round, within the thread, keeping it always "stretched, it will 
trace out the elli])se. 

Problem XXXIX. 

To describe or construct a parabola. 

V P being an absciss, and P Q its given ordinate ; bisect 
P Q in A, join A V. and draw A B perpendicular to it 
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then transfer P B to V F and 
V C in the axis produced, So 

shall F be what is called the 
focus. 

Draw several double ordinates 
S R S &c., perpendicular to V P. 
Then with the radii C R, &c. and 
the centre F, describe arcs cut- 
ting the corresponding ordinates 
in the points S &c. Then draw 
the curve through all the points 
S &c. 


Problem XL. 

To construct or describe an hyperbola. 

Let D be the centre of the 
hyperbola, or the middle of 
the transverse A B ; and B C 
perpendicular to A B, and 
equal to half the conjugate. 

With centre D, and radius 

D C, describe an arc, meet¬ 

ing A B produced in F and/, 
which are the two focus points 
of the hyperbola. 

Then assuming several points E in the transverse produced, 
with the radii A E, B E, and the centres /, F, describe arcs 

intersecting in the several points G ; through all which points 

draw' the hyperbolic curve. 




LO.METKICAL 


THEOREMS. 


{y>ecessary to he known hy Beyinners.) 




Th EOREM I. 

Angles vertical!y opposite are e(pial 
thus the an^le AGE = angle H (1 B, 
and E G B = AG II. (Euc. I. 15.) 


Theokem II 


[See last figure.') 

4 right line E F cutting two parallel right lincM .A B. <’ IL 
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iJie alternate angles equcdy ^e. : thus the angles A G H, 
G E D are equal; also the exterior angle E G B b equid to the 
interior and opposite G H D. (Euc. I. 29.) 

Theorem III. 


Tke greatest side of every triangle is opposite the greatest 
angle. (Euc. I. 18.) 

Theorem IV. 


C 


Let the side A B ©/ the triangle A B C ie 
produced to D, the exterior angle C B D 
is equal to the interior angles at A and C ; 
also the three interior angles of the triangle 
are equal to two right angles. (Euc. I. 32.) 
Whence any two angles of a triangle being given the third be¬ 
comes known. 



Theorem V. 

{See figure to Definition 11.) 

Let A B C be a right angled triangle, having a right angle at 
B; then, the square on the side A C is equal to the sum of the 
square on the sides A B, B C. (Euc. I. 47.) Whence any two 
sides of a right angled triangle being given the third becomes 

known. 

Theorem VI. 

In any triangle A B C, let D E be 
drawn parallel to one of its sides, C B ; 
then, A B b A E 05 C B M /o D E ; 
and the triangles are said to be similar. 
/Euc. VI. 2.) 

Theorem VII. 

{See last figure.) 

L< t .A B C, A E D be similar triangles ; then, the triangle 
ABC to the triangle A E I) the square of A. D is to the square 
of A E: that is, similar triangles are to one another in the 
duplicate ratio of their homologous sides. (Euc. VI. 19.) 

Theorem VIII. 

All similar figures are to one another as the squares of their 
homologous, or like, sides. (Euc. VI. 20.) 

4 

Th EOREM IX. 

All similar solids are to one another as the cubes of their like 
hiiear dimensions. (Euc. VI. 24.) 



practical geometry. 



A ^ 


bxplanation op the principal mathematical 

CHARACTERS USED IN THIS WORK. 


rhc sign for equality 
I foot. 


= is read equal thus, 12 inches 



The sign for addition + is read "plu, or more;’* thus,2 -- 3 

— o, a -f 6, &c. ' 

The agn for suhtraction - U read “ minaa or lessthus, 
^ — o, a — by &c. * 

^The sign for multiplication x is read “into;” thus, 5 x 3 

— lOy a X by or a by &c. 

The sign for division h- is read “by;” thus, 15 3 = 5 or 

to a ’ 

— 5, or &c. 


The signs for proportion, as : : : : “ as, is to, so is, to;” 

thus as 2 : 5 : : 8 : 20, or as a : 6 : : c : f/, the fourth 
number being found by multiplying the second bv the third 


first 


{} 


5_x H 
2 


20, and 


b c 


a 


d. 


or 


thus, (5 + 4) X 2=9x2 
X e, or a -|- c, &c. 


—is called a vinculum or brace; 
18, or 5 4-4 1 2 = 18, (a + b) 


16 signs , , &c., placed above a quantity, represent re¬ 
spectively the square, cu be, &c., of that quantity ; thus, 5^ = 

5x5= 25, 5 * = 125, 3 -}- 4 1 * = 72 = 49^ 4 (5 4. 3)2 ^ 

a® represent the square and cube 
of fj also (a -f- 5)2 cS signifies that the square of the sum of a 
and b is to be multiplied by the cube of c, &c. 

The sign y or ^ placed before a quantity, or 4 placed above, 
re presents the square root of that quantity ; thus, >/36 = 6 , 

^ f r X 5 or \/a 5 signifies the square 

root of the product of a and 5, &c. 

3 

The sign y placed before a quantity, or \ placed above it, 
denotes the cube root of that quantity ; 'th US, 

12 X 2 X 3 8, or \/(l- x 2x3—8)= ^'/72 — 8 = 

» a----- 

^ { (fl + 5)2 c denotes the cube root of the 

















MENSURATION OF LINES. 


19 

differance of the square of the sum of a and h and the product 

of e and d multiplied into e. Also, the value of 

»- 

e {Irt -r A)* — c dj, when a = 2, A = 7, e = 5, </ = 9, and 
e = 6 is ^6 ( (2 -I- 7)2 — 5 x 9 } = ^6 (81 - 45) « 
^6 X 36 = ^216 = 6. 


PART II. 

MENSURATION OF LINES. 

The Mensuration of Lines is applied to find the I^Liuths of 
straight or curved lines, from the given lengths of other Ymr^ 
on which these straight or curved lines depend. 

TABLE OP LINEAL MEASURE. 

Feel. 

1 

Yards. 

3 1 

Poles. 

16J 1 

Forlonn. 

660 220 40 1 

Mile. 

5280 1760 320 8 1 

7fy = 7*92 inches = 1 link. 

22 yards = 4 poles = 1 chain of 100 links. 

69ir English miles = 60 geographical miles = 1 degree. 

Problem I. 

To find one side of a right angled triangle, having the other 
tivo sides given. 

The square of the hypothenuse is equal to both the squares of 
ihe two legs. (Euc. I. 47.) Therefore, 

Rule I. — To find the hypothenuse; add the squares of the 
two legs together, and extract the square root of the sum. 

Rule II.—To find one leg; subtract the square of the other 

leg from the square of the hypothenuse, and extract the square 
root of the difference. * 


Inchea. 

12 

36 

198 

7920 

63360 


30 
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iC 



Let A B C be a triangle, right angled at B ; 
then by Theorem V. page 17, we shall hav« 
the following 

FoRMULiE. 

Put the base A B = 6, the perpendicular B C 
= pt and the hypothenuse A C = A ; then 


+ p\ b 


V h- 


and p = yj h?' 




KVA M PT^K 


1 . Required the hypothenuse of a right angled triangle, the 
oase of which is 40 and the perpendicular JIO feet. 


By Rule I. 

By first Formula. 

40 30 

V402 + 302 = 50 = A C 

40 30 

♦ ^ 

IbOO 900 

900 

•» 

2500 (50 = 

hypothenuse A (\ 


25 


00 

^ ' • 

Note. The student ought to solve this and all the following examples by 
geometrical construction, as in Problems XL and XIL, Part 1.—Thus : make 
A B = 40 feet; draw B C = 30 feet perpendicular to A 13, and join A C; 
then A C, being measured, mil be found to be 50 feet. 

The construction of example 2, will be as follows. Make A B = 56 feet, 
and perpendicular thereto draw B C indefinitely; take AC = 65 in the com¬ 
passes, and with one foot on A apply the other foot to C ; then B C, being 
measured wdll be found to be 33 feet. 

Remark, The triangle ABC, being for the purpose of illustrating the Pro¬ 
blem generally, is not drawn to correspond to any of the dimensions given in 
the examples. 

2 . What is the perpendicular of a right angled triangle, whose 
base A B is 56, and the hypothenuse A C 65 feet ? 


56 

65 

56 

65 

336 

325 

280 

390 

3136 

4225 


313 6 


1089 (3B feel = perpendicular BC 
9 


63) 189 
189 






















3. A ladder is to be placed so as to reach the top of a wall 
33 f feet high, and the foot of the ladder cannot be placed nearer 
the wall than 18 feet; what must be the length of the ladder ? 

Ana. ZS\feet. 

4. The side of a square is 100 yards ; what is the length of 

its diagonal ? Ana. 141*4 yarda. 


5. A line of 320 feet will reach from the top of a precipice, 
standing close by the side of a river, to the water line of the 
opposite bank : required the breadth of the river; the height of 
the precipice being 103 feet above water level. Am. 302*97 faat. 

6 . A ladder of 50 feet long being placed in a street, reached 

a window 28 feet from the ground on one side ; and by turning 
the ladder over, without removing the foot out of its place, it 
touched a moulding 36 feet high on the other side: required the 
breadth of the street. Am. 76123 feet. 

7. The width of a house is 48 feet, and the height of ridge 
above the side walls 10 feet; required the length of one of the 
rafters. 


In the annexed figure A B is the 
width of the house, or length of 
the tie-beam of the rafters A C, 
B C; arid C D the height of the 
B ridge or length of the king-post; 
and since D is the middle point of 
A B, we shall have AD = ^ AB 
= 24 feet. Whence by the first formula; 

A C = A C D® = 24^ -)- 10“^ =r \/676 = 26 feet, 

the required length of one of the rafters. 

8. Required the height of an equilateral triangle, the side of 

which is 10 feet. Am. 8 feet 8 in. nearly. 

9. The base of an isosceles triangle is 25 feet, and its two sides 
are each 32^ feet; required the perpendicular. Am. 36 feet. 

10. The diagonal of a square is 10 yards, required the length 

of one of its sides. Ana. 7 yda. 0 feet 2\ in. 

11. A ladder, standing upright against a wall 100 feet high, 

was pulled out at the foot 10 feet from the wall; how far did the 
top of the ladder fall ? A 7 is 6 inchea nearly. 

12. The upright axle of the horse-wheel of a thrashing 
machine is jdaced with its centre S J- yards from a wall; but the 
shafts ot the axle are .5 yards in length, measured from’ the cen- 
ire : how umch of the -- all must be removed to admit it to revolve ? 

Am. 7 yda. 0 ft. 5 in. 
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Problem II. 

Having given any two of the dimensions of the figure ABC. 
and one of the corresponding dimensions of a similar figure abc^tt 
dnd the other corresponding dimension of the last figure. 

C 

Rule. —Let ABC, 
<? o 6 c be two similar 

triangles, then by The¬ 
orem VI., page 17. 

A U o ^ 

A 13 ; B C : : a b '.be. Or, ah'. « c : : A B : A C. 

The same proportion holds with respect to the similar lineal 
parts of any other similar figures, whether plane or solid. 

EXAMPLES. 

1 . The shadow of a cane 4 feet long, set perpendicularly, is 
5 feet, at the same time that the shadow of a lofty tree was 
found to be 83 feet; required the height of the tree, both 
shadows being on level ground. 

Let 6 c be the cane, and B C the tree, their shadows being 
respectively represented by a b and A B : the upper extremities 
of the cane and tree being joined with the extremities of their 
shadows, giving the parallel lines a c, A C for the directions of 
the sun’s rays, and thus constituting similar triangles a b c, 

ABC: whence ab : be :: AB : BC, 

that is 5 : 4 ; : 83 : fifif 

4 








tidy feet = B C, the height 

of the tree. 

2. The side of a square is 5 feet, and its diagonal 7'U71 feet, 
what will be the side of a square, the diagonal of which is 4 feet, 'i 

Ans. 2 ft. 10 in. nearly. 

3. In the ground plan of a building 120 feet long and 50 

broad, the length, as laid down, is 10 inches; what must be its 
breadth? Ans. 4^ inches. 

4. The scale of the Ordnance survey of Ireland is tl inches to 

I mile, what length of j)a})er will he suihcient for the map of that 
country, its length being 300 miles? Ans. 50 yards. 
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5. The length of the shadow of the Monument (London) is 
15feet, while the shadow of a post 4 feet high, b 3 feet; 
re<]uired the height of the Monument. jins. 202y5fe/. 

Problem III. 

The two sides and the base of a triangle (A B C) are gxeen to 

ttnd the perpendicular (CD). 

Rule — The segments of the base A D, D B must he first 
found. Let B C be the greater of the two sides, then B. D will 

C be the greater of the two seg¬ 

ments. Then, as the base A B 
is to the sum of the sides B C + 
CA, so b the difference of the 
sides B C—C A to the difference 
of the segments of the base B D 
— DA. Half this difference, 

being added to and subtracted from half the base A B, will give 
respectively the segments B D, DA; though only one of the seg¬ 
ments is required to be found. Now, either of the sides and its 
adjacent segment constitute a right angled triangle, whence the 
j)erpendicular C D may be found by Rule II., Prob. I. 

FoRMULiE. 

Put AB=a, BC = 6 and C A = c; then from the propor¬ 
tion in the Rule 

B D — D A = ^ ^ ; whence 

a 




EXAMPLES. 

1. The three sides of a triangle are 42, 40, and 26 feet; re 
quired the perpendicular on the longest side. 

By the Rule 

AB : BC + CA :: BC —CA : B D — D A, that is, 

42 : 66 : : 14 : 22, and 

i (42 — 22) = 10 leet = A D 
Or by the last Formula 

D A = i = 10 feet. 

and C D = V^C^—D A* = >y26* — 10» = 24 feet, 
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2. 'IJe base of a triangle is 30, and the two sides 25 and 35 • 
required the perpendicular. sq/cct 6 la. ’ 

the^ie^<.thn? w‘“ unequal slopes, 

tne lengths of which, from the ea?es to the ridee are on an/ 1 “? 

feet: required the height of the ridge above the earn 

^ng. \2feet. 

by^rsYla^nVHnin^'if'“f ^ by construction, 


PROBLEM IV. 

O C^LZn A / y " po/yffon being given to find the radii 

U U and U A inscribed and circumscribed circles. 

nn,hc‘'f.T“““‘f’‘^ P“'yg°‘' •>'' ‘he number op- 

[losite I S name in the Jpllowing Table, in the column headed 

rirc^f’-^“*‘^"x1^"’'‘hat headed “Had. Circumsc. 

quircd as the one or tlie other radius may be re- 



Fo RMULAI. 

Let r and K be the radii of the in¬ 
scribed and circumscribed circles respec¬ 
tively, q and ji their respective tabulai 
radii, and I = side of the polygon ; 
then r = / and R ~ ; also 

/= ^ = 
q p 


TABLE OF 


No. 

of 

Sides. 

Name. 

3 

Trigon or equi-triangle . 
Tetragon or square . 


Pentagon .... 

I 6 

_ • 

Hexagon. 

7 

Heptagon. 

8 

Octagon . . . . . 

9 

1 

Nonangon .... 

10 1 

Decagon. 

11 

V_-./ 

Undecagon 

U ^ _ 

Dodecagon 


POLYGONS. 


Rad. 

Inscribed 

Circle. 

Rad. 

Circums. 

Circle. 

Area. 

•2887 

■5773 

•4330 1 

' -5000 

•7071 

1-0000 

•G882 

•8506 1 

1-7205 , 

•8660 

1-0000 ; 

2-5981 

1-0383 

1-1524 

3-6339 

1-2071 

1-3066 I 

4-8284 

1-3737 

1-4619 1 

6-ISIS 

1-5388 

1-6180 ' 

7-6942 

1 1-7028 1 

1-7747 

9-3656 

i 1-8660 

1-9319 

1 1-1962 , 
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EXAMPLES. 

1. The side of a regular pentagon is 5 feet I inch, what are 
the radii of its circumscribed and inscribed circles ? 

Ans. 4 Jl. 4 *n., and 3 ft. 6 in. nearly. 

2. The side of an octagonal grass plot is 203^ yarfs, and four 
walks are made therein, joining the middle of each of the oppo¬ 
site sides; required the united length of the four walks. 

Ans. 1965*1588 yards. 

3. A circular grass plot of 50 yards diameter is to be com¬ 
passed by a regular octagonal iron paling, and the eight spaces 
between the grass plot and the paling to be planted with shrubs; 
required the whole length of the paling, and the greatest width 
of each of the eight spaces, f Circumference^ 157*08 yards. 

Ans. < Length of paling^ 165*686 yards. 

\ Oreatest spaesj 2*06 yards. 

Problkm V, 

To find the diameter and circumference of a circle^ the one 
from the other. 

Rule 1.—As 7 is to 22, so is the diameter to the circum¬ 
ference. 

As 22 is to 7, so is the circumference to the diameter. 

Rule II.—As 1 is to 3*1416, so is the diameter to the cir- 
3 umference. 

As 3*1416 is to 1, so is the circumference to the diameter. 

FORMULifi. 

Let d — diameter, c = circumference, and n- = 3*1416 ;* then 

c 

c — d n. and d ——, 

IT 

EXAMPLES. 

1. To find the circumference of a circle, whose diameter is 10. 

By Rule 1. 

7 : 22 : : 10 : 31f 
10 


7 ) 220 
31 ^ 

or 31*42857 Ans 

* The true circumference of a circle, the diameter of which is tinity, is 
^ 14159265358979, &c. This number has been determined by Machin to 100 
places of decimals, by others to still more; but these results are more curious 
than useful, since the first four or five decimals are quite sufficient for all 
practical purposes. 
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By Rule II or first Formula e = = 31-416. which ig 

nearer the truth. 


2. To find the diameter when the circumference is 60 feet. 
Bv Rule 1. 




7 X 25 

n 



—15‘9090 Ans. 


Tl C 

By Rule II. or second Formula </=-=• 15*9154 feet. 

TT 

3. If the diameter of the earth be 7958 miles, as it is verr 
nearly, what is the circumference, supposing it to be exactly 

Jns. 25000-8528 miles. ' 

4. To find the diameter of the globe of the earth, supposina 

Its circumference to be 25000 miles. Jns. 7957| nearlt/. 

5. Required the diameter of a coach wheel, that turns round 

500 times in travelling a mile. Jns. 3 ft. 4*32 in. 

6. The driving wheel of a locomotive engine is 6 feet in 

diameter, how often does it turn in a second, when travelling at 
the rate of 60 miles in an hour ? jns. 4f times nearly. 


Problem VI. 

T. he chord (B E) and the height or versed sine (fJ D) of an 

arc (B C E) o/a circle being given to find the diameter (A C) 
and the chord of half the arc (B C). 

Rule. —Divide the square of half the chord B E, by the 
height C D ; to the quotient add C D, and the sum will be the 
diameter A C; half of which is the radius B O or C O. 

The chord B C of half the arc is found by Prob. I. 



FOIlMUL.«, 

Put C = j chord of the whole arc = 

aBE = BD, c = chord of ^ the arc = 

B C, r = height or versed sine = C IJ. 

and d = diameter A C • then 
("2 ^ 

^ C — VC- + tr (2). 

t> O 

Also d =-(.3),f = -^(4), c= sj~d'v{5). 


EXAMPJ.E. 

The chord of an arc is 48 feet, and its height 18 ; required the 
diameter of the circle of which tlie arc is a j>8i t. 
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Bj the Role 24 = ^BE=s BD 

24 


CD = 18)576 


32 

18 = C D 


50 feet = A C. 

whence the radius B O = 25 feet. 


2. The span (chord) of the iron arch of Sunderland bridge 
is 240 feet, and the rise (height) of the crowns of the arch 
34 feet: with what radius was the arch drawn ? 


By Formula (1). 
The diameter = 


120 * 

* 3 ^ 


+ 34 


457* o3 feet 


whence the required radius = 457*53 -4- 2 = 228*765 r= 22b 
foet 9 inches. 

o. (Jn a parliamentary map of 4 chains to an inch, the chord ol 
a railway curve measured 40 inches, and its height 5 inches, re¬ 
quired the radius of the curve both on the map and on the ground. 

20 * 

The diameter = -j- 5 = 85 inches, whence 


the radius = 85 -f- 2 = 42^ inches on the map. 

And, since the scale of the map is 4 chains to an inch, we 
shall have 42\ x 4 = 170 chains = 2| miles, the radius of the 
curve on the ground. 

4, The chord of the whole arc is 48 feet, and its height 7; 
required the chord of half the arc. 

By Formulae (2). 

® “ \/C^ 4 - — ^24^ + 7^ =25 feet, the required chord. 

5. The chord of half the arc of a bridge is 24 feet, and the 
rise of the crown of the arc 16 feet; required the radius of the 
circle of which the arch is a part. 

Am. By formula (3) the diameter is found = 36 feet, whence 
the required radius is 18 feet. 

G. A circular grass plot of 100 yards diameter is cut by a walk 

through the centre, this walk is cut at right angles by another 

walk through the middle of the radius ; required the length of 
Oie last named walk. 

By transposing formula (1) C = >/ v (d~v) = x/257106^^^ 

= 43*3 yards the double of which is the length of the walk._ 

The same result may be obtained from the right angled tri 
angle B T) O. 


/. The nse of the circular ai ch of a bridge is 12 feet and the 
radius of the whole circle is 100 feet, required the distance 

k spnng of the arch to the crown, viz., the chord oi 

half the arch. 49 nearly. 


Problem VII. 

Tojind the length of any arc of a circle. 

Case l.— JFhen the degrees in the arc and the radius are given. 

• number of degrees in the arc, so 

IS 3*1416 times the radius to its length. 

Case U^JVhen the chord of half and the whole arc are given. 
Kule II.—From 8 times the chord of half the arc subtract 

the chord of the whole arc, and take \ of the remainder for the 
'ength of the arc nearly. 


FORMULAE. {^See last figure.) 

Put r = radius B O, A = 180°, 5 = degrees in the arc B 
and TT ~ 3 * 1416 , and I — length of the arc ; then 




l_^ 

8 n 



EXAMPLES. 

I. lo find the length of aii arc of 30 degrees, the radius being 
9 feet. ^ 

By Rule I. 31416 

9 


180 : 30 : : 28-2744 : 4-7124 feet. 

r, ^ , r, , , 9x30x3-1416 3x3-1416 

By first Formula I =-jg-- =-^- =4-7124 

2. The length of the arc of a circle of 30 degrees is 9 feet 
** inches, required its radius. 

Ans. By the second formula, IS feet nearly. 

3. The chord B E of the whole arc being 4-6.5374 feet, and 

vhe chord B C of the half arc 2 34947; required the length of 
the arc. 

By Rule II. 2 .34947 

8 

18 •79.576 

4-65374 


3)14-14202 
Ans. 4. 71-iOO feet. 
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3. Required the length of an arc of 12 degrees 10 minuieSt or 
I2| degrees, the radius being 10 feet. 

By Rule I., 2.1234 Aim. 

4. Required the length of the iron arch, in example 2, 
Prob. VI. 

First, the chord of ^ the arch, or distance from spring to 
crown, by Formula 2, Prob. VI., will be found 124’724 feet. 
Whence, by Rule II. of this Problem, we shall have the re¬ 
quired length of the arch = 2.'>2 feet 7 inches. 

.5. Find the length of one of the arcs of the six equal seg¬ 
ments of an iron girder, the whole span of the arch being 120 
feet, and the radius 180. Ans. 2^ feet 4*67 inches 

Rule III. is not sufficiently accurate for finding the length of 
the arc, when it is greater than ^ of the circumference of the 
circle: in such cases, (see figure to Prob. VI.) the chord of i 
of the arc B C E = chord of ^ the arc B C (not shown in the 
figure) must be found by the formula. 

Chord of i of arc B C E = I (rf — yf rf* —c*). 

in which d and c are the same as in Prob. VI.; after which Rule 

II. may be applied with sufficient accuracy to find the length 

of the I arc B C, which, being doubled,* will give the whole 
length BCE. 

6 . Required the length of a circular iron girder, the span 
(B E) of which is 48 feet, and the rise (C D) at the crown 

IS I’eet. 

By Formulae 1 and 2, Problem VI., </ = A C is found = 50 
feet, and c = B C = 30; whence, by the formula just given, 

the chord of ^ of arc B C E = ^25 (50—v' 50^—SO'*^) = 
15-81 13, and by Rule II., (15-8113 x 8 — 30) h- 3 = 32-1635 
feet = arc B C, the double of which is 64*3270 feet = the re¬ 
quired length of the arch BCE. But by using Rule II., 
without the above formula, the length of the arch "is found to 

be 64 feet, or nearly 4 inches short of its more accurate length, 
as previously found. 


Notk. The true method of finding the length of an arc of a circle is to find 
the natural sine of the angle BOD ( figure to Prob. VI.) and its corresponding 
number of degrees, minutes, ic., which, being doubled, give the angular mea¬ 
sure of the whole arc BCE; whence the length of the ^c may be arciiratelv 
fniirul by Rule I. But the first jiiirt of this operation is the province of Tri'- 
gononietry; moreover, sufficient accuracy for all practical purposes in a v be 
-.I'tained bv Rule II. for are,- less than a .inadr.arit ; and like accuraev mav be 
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secured by meaiu of the formula used in Example 6, in cases where the arc 
approaches near to a semicircle. 

Remark .—When the arc is greater than a semicircle, the remaining part of 
the circumference must be found by Rule II., with the help of the formula 
used in Example 6, if necessary. This remark does not apply to cases where 
the degrees of the arc are given, which are solved by Rule I. 


Problem VIII. 

To Jind the diameteT of o ctrculor zotiSy its two povollel chords 
A B, C D, and its breadth E F, being given. 

This and the following Problems 
may be omitted by the student, as not 
being much required in practice. 



H 


■i'D 


L 


FORMULA. 

Let C and c be the half chords 

C F and A E respectively, b the 

breadth E F, and d the* diameter 
KL = twice radius O B ; then 


d = ^ I 6® -}- 2 (C- + C-) + 


C2 




Also A C = B D 




GH 


^d 


iv/{(C 



-h C — c 

^0 



and 


+ e)- + / — — j 


EXAMPLES. 

1. The parallel sides of a circular zone are 6 and 8 feet, and 
its breadth 7 feet; required the diameter of the circle. 

By the first FormultE the di.ameter 

2 

i = I 7* + 2 (42 + 32 ) + 


32 


= ^/■49 50 + 1 = 10 ft. 


2. Find the chord B D and the height G H of the zone in 
the preceding Example. 

Here, the diameter d is first found, as above; then by the 
second and third Formulae, 


B D = a/ (72 + 4 


GH = i 10 


i V{(4 


+ 3)2 + 


3 ) = V 49 

C-7-^T} 


1 = 7‘07 feet, and 


i a/ 49 + 1 = 1-465 ft. 


3. The parallel chords of a zone are the same as in the Ex 
WipJe 1. and its breadth 1 foot; required the diameter. 

.Jns, lU feet. 
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Notb. In this example the two chords are both on the same side.of the 
centre of the circle. 

4. The two parallel chords of a circular zone are 16 and 12 
feet, and the diameter of the circle 20 feet; required the breadth 
of the zone. Ans. 14 /get. 

Notb 1. The breadth of the zone is found by adding the square root 
of the difference of the squares of the rad. and half the greater chord to 
the square root of the difference of the squares of the rad. and Kair tho 

less chord ; that is:— V 10- — 8® -t- ^10* — 6* = 14 

Notb 2. When the chord B D»AC, and the height GU have been found, 
the lengths of the equal arcs A C, B D are found by the Prob. VII. 


Problem IX. 

In an ellipse are given any three of the four following parts to 
find the fourth, viz, the transverse axis T R, the conjugate axis 
C O, the abscissa H Q, and the ordinate P Q. 


FORMUL.B. 


Pot a — semitransverse = H R, i = semiconjugate = C H 
r = abscissa = H Q, and y = ordinate = P Q ; then 



X = - -sf y = ~ 

h a 

a — - — . and b ==_. _ 

s /— if — x^ 

Also the focal distance from 
the centre. 

H F = 11^*=^ a-—i*. 



EXAMPLES. 

1. The transverse axis is 30, the conjugate 20, and the 
ftl>3cissa 3 feet. 

Bv the second formula, 

•f * 

P Q = y = if — 3^ = 9-798 feet. 

2 . The transverse T R = 70 feet, the conjugate 0 0=* 50, 
and the ordinate P Q = 20 ; required the abscissa H Q. 

Ana. By the first formula, H Q = 'll feet, 

3. The transverse is 180 inches, the ordinate 16, and the 
abscissa 54 ; required the conjugate. 

Ans. By the fourth formula, the conjugate = 40 inches. 

4. If the conjupte be .50 feet, the ordinate 20, and the 
abscissa 21 ; what is the transverse? 

Ans. Bv the third formula, the transverse = 70 feet. 
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6. The transverse TR= lOO varH«! ar.^ fU 
60; required the distance of the foci F, /"from tl« Sre'll 

By the last formula, H fL 

6. The ratio of the major and minor axes of iKa 
orbit IS as 1 to n i • , earth’s 

= 2 a, How much is the eTrih ""“u *^^^>^00.000 miles 

in summer? ‘o 'winter than 

from'lhe'^lmre o““he'’eanh-riir^ 

formula is fc^nd to be 2Z/f^‘'“' 

V 1 — w-. 

pafsiuf ?htuth'the‘’'Ss“o? fte* ‘’“I “V" 

7926 and 7899 milel ““ ''^"K 

^ns. 654 mile,, or 327 mile, each,from the earth', centre. 

Problem X. 

The axes of an ellipse are given to find its circumference. 

Rule I.— Multiply half the sum of the two axes hv 

;9 sr ■;! 3^ 

uy o 14 10 ror the circumference very nearly. 


-Let 2 a 
and TT == 3 

Circumf. 


FORMUL./E {see last fig tire), 


and 2 b represent 
1416; tlien, 

(a 3 b), or . 


the axes, as in the last problem, 

- i 7T (a y b f ^ 


examples. 


1. The axes of an ellipse are 15 and 10 feet; required the cir. 
cuinference bv Hide I. ^ 

A ns. 39 feet 3^ hiches. 

,1 ^ axes being the same as in the last example; required 

the circumference by Rule II. ^ ^ 

Ans. 39 feet 7 inches nearly. 

3. Find the meridional circumference of the earth, the axe, 
being as given in the last example of Proh. IX. 

Ans. 24,858 miles near la. 
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Problem XI. 

In a parabola I V H, the foeut of which i$ F» any two 
three /(Mowing partSt viz.^ the parameter P Q, the abedezi 
and the ordinate G H being givens to find the third part. 


formula. 


Put PQ : 
nbscissa — x, 
then 

•» =-. y 

P 


■ parameter = j9, V G 
and G H — ordinate 


y J 


V* 

p X, andji 

x’ 

EXAMPLES. 



72. 


1 . The parameter P Q of a parabola is 50, and its ordinate 
G H = 60 feet; required the abscissa V G. ys 60® 

Ane. liy the first formula ~ ^ ~ ^ ~ 

2 . The parameter of a parabola is 10, and its ordinate 4; 

required the abscissa. Jns. 1*6. 

3. The abscissa of a parabola is 4, and its corresponding 

ordinate 10 ; required the parameter. Ane. 25. 

Problem XII. 

To find the length of the arc of a parabola, ite ordinate and 
abscissa being given. (See last figure.) 

FORMULA. 

Let X and y represent the same parts, as in the last Problem ; 
then Tjjg ^ y jj _ yX nearly. 

EXAMPLES. 

1 . Required the half arc V Q of a parabola, V F beinc = 3 

feet, and F Q = 6. ^ 

Ans. V Q = v/| 3- + 6- = 6 feet 111 inches. 

2 . The abscissa is 2, and the ordinate 6 ; required the lengtii 

of the half arc of the parabola. Ane. 6*4291. 


Notr. 1. The para1)ola is the path of projectiles in vacuo; it is also used 
in the astronomical theory of comets. 

Notk 2. The student who wishes for further information concerning this 
curve, as wel 1 as concerning the ellipse and hyperbola, may consult the various 
works on conic ieciiom ,—(See Hann’s finalytical Ocometryy in Weale’sSeries.) 
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PART III. 


MENSURATION OF SUPERFICIES OR SURFACES. 

area of any surface is estimated by the number of squares 
in that surface, without regard to its thickness ; the side of those 
squares being one inch, one foot, one yard, &c. Hence the area is 
said to be so many square inches, or square feet, or square yards, &c. 


Sq. Inches. 

144 

1,296 

39,204 


A TABLE OF SQUARE MEASURE. 
Sq. Feet. 

1 


9 

Sq. Yards. 

1 




272i 

30i 

Sq. Poles. 

1 

1 


10,890 

1,210 

40 

Sq. Rods. 

1 

1 

43,560 

4,840 

160 

4 

Acres. 

1 

13,097,600 

102,400 

2,560 

640 


Sq. Mile. 
1 


Problem I. 

To find the area of a ’parallelogram ; whether it be a square, 
a rectangle, a rhombus, or a rhomboid. 

Rule.—-M ultiply the length by the breadth or perpendicular 
height, and the product will be the area. 


FORMULi®. 




Let I — length of the hgure, b 
its breadth, and A = its area {which 
also represents the areas tn all the 
following Problems); then 

A A 

A = lb, also I = —, and b = —. 

b I 

When the figure is a square, then 
the length is equal to the breadth, 
which put = s = side of the square; 
then 

A = s”, and s = A. 


EXAMPLES. 

1. The length of a rectangular board is 7 feet, and its breadth 
4 feet; required its area in square feet. (See first figure.) 

By the Rule. 7x4 = 28 square feet, the area required. 

2 . The side of a square is 18 inches; required its area in 
square feet. (See last figure.) 
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lb 

lb 
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2^ square feet, the area requireti. 

3. !Rnd the area of a rhombus, the length of whicdi is 6*2 feet, 
and its perpendicular breadth 5*45. (See second figure.) 

Ana. 33*79 = 33|^ square feet nearly. 


feet, in. 

4. The length of a table is 7 feet 8 inches, 7 8 

and its breadth 3 feet 10 inches; required its 3 10 

area. _ - 


23 0 

Here the operation is performed by duo- 6 4 8 

decimals, and the area is found to be 29 square -- 

feet, 4 inches or 12ths, and 8 parts or yl^ths. 29 4 8 

5. What length must be cut off a rectangular board, the 
breadth of which is 9 inches, to make a square yard ? 

A square yard contains 1296 square inches, whence by the 
second formula. 

9)1296 

144 inches = 1*2 feet, the length required. 

6. How many square feet of deal will make a box 6 feet long, 
5 broad, and 2 feet 8 inches deep ? 

Ana. 118 square feet 8'. 

7. How many square yards are contained in a floor 23 feet 

long 14^ feet wide. Ana, 37-^ square yards. 

8. The base of the largest Egyptian pyramid is a square, the 

side of which is 693 feet; required the number of acres it 
occupies. Ans. 11a. Or. Ap. 

9. A square court yard is 42 feet long, and 23 feet 10^ inches 
broad; what did it cost paving at 4s. 1 Od. per square yard ? 

Ans. £26 18a. 6^*/. 

10. Required the side of a square, the area of which is 500 
square feet. 

By t he fo urth formula s = side of the square = A, that is 
^ 500 = 22*3607 feet = 22 feet 4-|' inches nearly. 

11. What is the side of a square the area of which is an 

■ Ans. 69*6 yards nearly, 

contains 6^ acres of ground, required 

Ans. yards 


12. A sauare in a city 
the side of the square. 
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Problem II. 

2^0 find the area of a triangle. 

Rule I.— Multiply the base by the perpendicular height, 
and take half the product for the area. 

Rule II.— When the three sides only are given ; add the 
three sides altogether, and take half the sum ; from the half 
sum subtract each side separately ; multiply the half sum and 
the three remainders continually together; and take the square 
root of the last product for the area of the triangle. 


C 


A 


B 


A 


FORMUL.E. 



D 


Let the base A D= 
perpendicular C B = /> 

-A 

k.—\hp \ also and 6 


h, and the 
then 

2A 


b p 

When all the three sides of the 
triangle are given, let them be re¬ 
presented by a, b and c, and their 
half sum by s; then 


(s — tf) {s — b) {s — c). 


EXAMPLES. 

1. Let the base A P = 42 feet, and the perpendicular CB=33 
teet; required the area in square yards. 

By Rule I. 42 x 33-r-2=693, aud 693-5-9 = 77 square yards. 

2. To find the number of square yards in a triangle, the sides 
of which are 13, 14, and 15 feet. 

By Rule II. 


13 

21 

14 

6 

15 

126 

2)42 

7 

^ sum 21 21 21 

882 

13 14 15 

8 

remainders 8 7 6 

7066(84 square feet, 


64 = 9^ sq. ydn. Afif 


164)6/i6 

6.S6 



















MENSURATION OF SUTERFICIEB. 


37 


3. The base of a triangle is 40j and its perpendicular 30 feet; 
required the area in square yards. Atu. 66f square yards* 

4. Find the area of a triangle, the three sides of which are 

20, 30 and 40 feet. Ans. 32'27 square yards. 

5. The base of a triangle is 49 and its height 25^ feet, how 
many square yards does it contain ? 

Ans. 68‘736 square yards. 

6. The base of a triangle is 18 feet 4 inches, and its height 11 

feet 10 inches; required the area. Ans. 108 feet 5' 8". 

7. The hypothenuse of a right angled triangle is 102^ feet, 
and its base 100; required the area in square yards. 

Ans. 125 square yards. 

8. The side of an equilateral triangle is 5'1 feet, required the 

Ans. 11*2626 square feet. 

9. The base of a triangle is 121 yards ; required its perpendi¬ 
cular, when it contains an acre of land. Ans. 80 yards. 

10. The equal sides of an isosceles triangle are each 50 feet, 
and its base 28 ; how many square yards does it contain ? 

Ans. 74| square yards. 

Problem III. 

To find the area of a trapezoid. 

Add together the two parallel sides ; multiply that sum by the 

perpendicular distance between them, and take half the product 
for the area. 


EXAMPLES. 

1. In a trapezoid the parallel lines are A B 7 5, and D C 12*25, 
filso the perpeudicular distance A P is 15.4 feet; required the 



2)304*150 

162*075 square feet^ Ans. 
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2. How many square feet contains the plank, whose length ib 

12 feet 6 inches, the breadth at the greater end 1 foot 8 inches, 
and at the less end 11 inches? Am. \6^/eet. 

3. Required the area or a trapezoid, the parallel sides being 21 

feet 3 inches and 18 feet 6 inches, and the distance between them 
8 feet 5 inches. Ans. 167 square feet, 3' 4" 6'", 


Problem IV. 

To find the area of a trapezium. 

Case I.— For any trapezium. 

Divide it into two triangles by a diagonal; then find the areas 
of these triangles, and add them together. 

Or, if two perpendiculars be let fall on the diagonal, from the 
other two opposite angles, the sum of these perpendiculars being 

multiplied by the diagonal, half the product will be the area of 
the trapezium. 

Case II.— When two opposite angles are supplements of each 
other. 

Add all the four sides together, and take half the sum; next 
subtract each side separately from the half sum ; then multiply 
the four remainders continually together, and take the square root 
of the last product for the area of the trapezium. 


EXAMPLES. 


1. To find the area of the trapezium A B C D, the diagonal 
A C being 42, the perpendicular B E 18, and the perpendicular 

D F 16. 



18 

16 

34 Sum 
42 


68 

136 


2)1428 

714 A ns. 


2. In the trapezium A B C D, the side A B is 1.'', 13 C 13, 

CD 14, AD 12, and the diagonal A 0 16: inquired the 


area. 
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AC 

16 



AC 16 



AB 

15 



CD 14 



BC 

13 



AD 12 



2)44 



2)42 


21 half aum 


22 

22 

22 half sum 

21 

21 


16 

15 

13 

16 

14 

12 


6 

7 

9 

5 

• » 

# 

y 


7 



7 




42 

35 

9 

9 

378 

515 

22 

21 

756 

315 

756 

630 

n/8316=91 1921 

V6615- 

The triangle ABC.... 

91*1921 

The triangle ADC , . .. 

81*3326 


The trapezium A BCD 172‘5247, Am, 

3. If a trapezium have its opposite angles supplements to cacli 
other, and have four sides 24, 26, 28, 30 ; required its area. 

By Rule II. the area is 723*989. 

4. How many square yards of paving are in the trapezium, 

the diagonal of which is 65 feet, and the two perpendiculars let 
fall on it 28 and 38*5 feet? Am. 240*1388 yards. 

5. What is the area of a trapezium, the south side being 

27*40 chains, east side 35-75 chains, north side 37*55 chains, 
west side 41 *05 chains, and the diagonal from south-west to 
north-east 48*35 chains? Am. 123a. Or. 11.8656j9. 

6. What is the area of a trapezium, the diagonal of which is 
108| feet, and the perpendiculars 65} and 60f feet? 

Am. 759^ square yards. 

7. What is the area of a trapezium, the four siiles being 
12, 13, 14, 15 ? having its opposite angles supplemental. 

Am. 180*997. 

8. In the four sided fieldAB, CD, on account of obstructions 
in the two sides ABC 1), and in the })erpeudiculars B F, D E, 
ihe following mea-sures only could be taken: namely, the two 
side.s P>C 265 and A D 220 yards, the diagonal A C 378 yards, 

D 
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the two distances ot the perpendiculars from the ends of the 

diagonal, namely A E 100, and C F 70 yards: reqnired the 
area in acres, when 4840 square yards make an acre. 

« -rri-a A ns. 17a. 2r. 22 a 

9. When AS ^ 314, B C = 232, C D = 228i, D A = 266i 

and the diagonal A C = dli'i feet; required the area in square 

.A 71 S. 7072| square yards. 

Problem 

To find the area of an irregular polygon. 

Rule. Draw diagonals dividing the figure into trapeziums 
and triangles; then find the areas of all these separately, and 
add them together for the content of the whole figure. 

examples. 

I. To find the content cf the irregular figure ABCDEFGA 

T~1 ^ ^ O • 

in which are given the follow- 



ing 


diagonals and perpendicu- 


lars : name 

■ly. 

A C 

5-5 

FD 

5 • 2 

(u; 

4-4 

G m 

1-3 

B n 

1-8 

G 0 

1.2 

Y.p 

0-8 

\)q 

2-3 


For trapez 


1st, 

ABCG 

1-3 

IS 


For 


2nd, 

trapez 

1-2 

0-8 


GDEF 


3rd 

For triangle GCD. 
4-4 
2-3 


31 

5-5 

1 bb 
15 -;') 

17 0a 
10-40 
10-12 


2-0 

5-2 


10-4 


132 

88 

10-12 


double ABCG 
double G D E F 
doable GCD 


2)37-57 double the whole. 


18-7vS5 Ans, 
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2. Required the area of the figure A B C D E F 6, when 
ACsx 12, FD = 11, GC = 9i, Gm = 3i, Bn = 4, Go==2i 
n 1^, and D f = 4^ feet. 

Problem VI. 

To find the area of a regular polygon. 

Rule 1.—Multiply the sum of the sides or perimeter of the 
polygon by half the perpendicular from its centre to one of its 
sides, and the product will be the area. 

Rule II. —Multiply the square of the side of the polygon by 
the number opposite its name, in the column headed '* Areas,” in 
the Table to Prob. IV., Part II. and the product will be the area. 

FORMOLJJ;. 

Let a s=s A B =c side of the polygon, 
p == C P perpendicular from the centre 
on A B, n = number of sides of the po¬ 
lygon, and a = its tabular area; then 

A I a p a, and A. = a a*. Also 

/A 2 A , 2 A 

a = >/— ==- , and p — - 

a n p ns 

EXAMPLES. 

1. Required the area of a regular pentagon, the side A B of 
which is 25 feet, aud the perpendicular C P = 17’205. 

By Rule 1. 

17-205 

25 X 5 — 125 = perim. 


86025 

34410 

17205 


2)2150-625 


Bv Rule ll. 

•r 

1-7205 table area, (p 
625 = 252 


24) 


860-25 
344 lU 
103230 



1075‘3125 sq.feet 


sq.feet. A ns. 


2. 'J o find the area of the hexagon, the side of which is 2C 

^ns. 1039-24 square feet. 

u,-/’ trigon, or equilateral triangle, the 

side of which 18 20 feet. Ans. 173-20 square feet. 

4. Required the area of an octagon, the side of which is 20 

1931*36 s^udre 
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msmsuration of superficies. 


fijv “ <*“*Son. the side of which i, ■.«(, 

Ana. 3077*68 aquare feet. 

squire'^feTt!"'* ‘ <l««gon. the area of which is 16 

By the third formula, the side«=-,yA, that is, 

a 

/ 

^ l*442/etf/ = I foot 5*3 tnchea. Ana. 

city' ImtlT40.f4 inciosure, within a square in a 

city, cost *840 at 4s. 8d. per foot j what will be the cost of the 

gravelling the surface at lOid. per square yard ? 

Ana. £4752. 19«. Jic/. 

reouirld'the ”/ off so as to form an octagon 

MO feet square bting 

Ana. 3681’8 aquare yards. 

Problem V^II. 

To find the area of a circle when the radius 
\a given. ’ 

Hulk I. 
area. 


or half diameter., 
Multiply the square of the radius by 31416 for the 


'lofind the area of a circle when the nrcuwference la given. 

Rule II.—Multiply the square of the circumference 
'Of 968, or divide it by 4 tv. 





Put the radius A C 
fcrence = c, and 3*1416 


A 


Ty the circuiu 
TT; then 

A 


■n r'-’, and r = v/- ; also 


A 


cr 


TT 


4 


TT 


^ r Cy and c 


a/4A TT, 


EXAMPLES. 

1 . Required the area of a circle, the radius of which is 
5 feet. 

By Rule L, or the first formula. 

3 1416x5 = 3 1416 x 25 = 78’54 square feet, 

w. 1 he circumference of a circle i.s 18*4 feet, what is its area? 

Ans. 26’91 square feet. 

’b .\ circular pleasure -round is to be laid out to contair 
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e:cactl 7 an acre, required the length of the chord with which the 
circle must be traced. 

By the second formula, the length of the chord, or 

— 39^ yards very nearly. 

4. How many square yards are in a circle whose diameter is 

Hleet? ^na. 1*069. 

5. How many square feet does a circle contain, the circumfe¬ 
rence being 10*9956 yards? Am. 86*5933. 

6. The area of the piston of a steam engine is required to be 
1192 square inches to give it the requisite power; required the 
interior diameter of the crlinder, and its exterior circumference 
the thickness of the metal being one inch. 

. / Interior diameter 39 inches nearly. 

' \ Exterior circumference 10 feet 8^ inches. 

7. The circumference of the circular paling of a plantation was 
found to be 235-1^ yards, what is its area? 

Am. 4402*2892 square yards. 

8. What is the circumference of a circle, the area cf which is 

an acre? Am. 246 yards 1 foot 10^ inches. 


Problem VIII, 

To find the area of a sector of a circle. 

Rule I.—Multiply the radius, or half the diameter, by half 
the arc of the sector, for the area. Or, multiply the diameter 
by the arc of the sector, and take } of the product. 

Notb. The arc may be found By Prob. III. 


Rule II.—As 360 is to the degrees in the arc of a sector, so 
is the whole area of the circle, to the area of the sector. 

Notb. For a semicircle take one half, for a quadrant, one quarter, Ac. of 
the whole circle. 


FORMULiB. 


A = —r X arc, and r = 
2 


2 ^ 

arc 


example.. 

the area of the sector C ADB. the radius beine 
10, and the chord A B 16 7 ® 
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s- -v- 







1^- : '■^- 


By Euclid 47, 1; Eule 11., 

Pi ob. VII., and Kule I 


3> 


A 



AD^ 


OF SUPiCRFIClBlt. 

) too = 

AC« 

( 64 = 

A £2 

36(6: 

= CE 

10 = 

= CD 

4 = 

= DE 

16 = 

= DE2 

64 = 

= AE2 

= 80 ( 

8-9442719 


8 

71-5541752 



t* 

^ r 


c- 


' ,>■' 


AD 


16 

8) 55-5541752 
2 ) 18-5180584 arc A D B 


9-2590297 

10 


half arc 
radius 


2. Required tlie area of a sector 

the diameter being 3 feet. 

-7854 = ' 


92-590297 Au^. 


the arc of which contains 9i 


9 


4-77 

02 

o 


7-0686 

Then by Rule II., 

as 360° : 96° : : 7*0686 

or, as 30° : 


area of the whole circle. 


1'88496 feet. Ans. 


: 8° : : 7'0686 : 

end ,ira“ 2./^ fi-of which is 10 feet. 

square yards. 

fee^'a ,l‘'ti!7‘^l ‘‘T 7? of whici, is IS 

feet, a d tl,e chord of its arc I 2 A„,. ,, o_.^ ,r,uare/eet. 

o. How many square yards are in a sector of 187° 37' the 
radius of the circle beinf«- 289 feet ? i ^ i rn / , t le 

® i ^^94 square yards. 

fpe/‘area of a sector, the radius of which is 
leet, and its arc contaios Id7^ 2f)'. 

^4/is. 804*4 square feet nearfq. 

9j ‘ j7''’ of a seclur, tlje chord of tlie arc of which 

« 24 feet, and ,ts he.ght G ? 208 072 ,<,u,n e f t 













MENSURATION OF SUPERFICIES. 



8. Required the area of a sector greater than a semicircle, the 
chord of its arc being 12, and its diameter 15 feet. 

Am. 124^ squttre fett. 

Problem IX. 

To find the area of a eegment of a circle. 

Rule 1.—Find the area of a sector having the same arc as the 
segment, by the last problem ; find also the area of the triangle, 
formed by the chord of the segment and the two radii of the 
sector: then the difference of these two areas is the area of the 
segment. See Note 1. 

Rule II. Divide the height or versed sine of the segment by 
the diameter, and find the quotient in the column of versed sines, 
in Table 1., at the end of the book. Take out the corresponding 
area, in the next column on the right hand, and multiply by the 
square of the diameter for the area. 


FORMULAS. 

Put r = A E, C = AB, p=CD, 
p = £ D, t = tabular area, and a = 
arc A C B; then 

A = I (ar — Cp) = I » + I e 

i «<’ + £*= (2-^) t. 


Notb 1. When the segment is greater than 
a semicircle, find the area of the remaining 
segment, and subtract from the whole area of 
the circle for the required area, 

Notb 2. The first rule or formula gives an 
approximate value of the area, not very far from 
the truth ; the second and third are still nearer 
the truth; and the last rule or formula may he 
considered at exactly true. 

m 



K X A M 


1. Required the area of the segment A C B D A, its chord 
A B being 12, and the radius A E or C E 10 feet. 

hirst find C< D and A C from the properties of the fiji^ure, and 
the length of the arc AC B by Prob. VII., Part II. ; then find 

the area by Rule I. ; thus D E 

8, C D = b E — D E = 


\/6* -I- 2 

88-5964 

3 ~ 


6*324555 ; whence 


\/AE2-AD2^ 

10 — S = 2, and A C = v'AD^-f CD^ 

6-324555 x 8 - 12 


arc A C B, and by Rule I., 


3 

38-5964 

3 


X 10) 


ii (12 X 8) = 16*3274 square feet. Ans. 

* 'rhis formula is due to B. Gompertz, Esq., F.R.S, 


4G 
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By Rule II. 
C D equal to 2 ; 


The sample being the same as before, we havt 
and the diameter 20. 


Then 20 ) 2 ( • I 

And to -1 answers- -040875 per Table 1. 

Square of diameter.... 400 


A7U, square feet. 

By the se cond form ula, the same example being still used, 

\/C“ + f "-2 = I + I 22= 16-3316 square i 

Winch IS very near truth. 


segment, the height of which is 2, 
and the chord 20 feet? 26-87318. 

1 o^‘ T!^U ^ segment, the height of which ia 

lo, and the diameter of the circle 50 feet? Ans. 636-625. 

4. Required the area of the segment, the chord of which is 16, 
the diameter being 20 feet. Atis. 44-7292. 


5. What IS the area of a segment, the arc of which is a sextant, 
tne whole circumference of the circle being 25 feet ? 

Ans. 1-4312 square feet. 

6 . The chord of a segment is 40, and its height 8 feet? what 
IS Its area by the third formula ? Ans. 219-73 square feet. 


Problem IX. 

To find the area of a circular zone. 

{See figure to Prob. VIII., Part II.) 

Rule. —The zone being first divided into a trapezoid (ABCD) 

and two equal segments (BHD and A C), find the area of the 

trapezoid by ProS. III., and the areas of the two segments bv 

Prob. IX. i Inch areas, being added together, wdl give the area 
of the zone. ^ 


EXAxMPLES. 

1 . The breadth of a zone is 42 feet, and its parallel chords arc 
48 and 36 feet, required the area. 

Ans. 253-51 square yards. 

2 . The two parallel chords of a circular zone are each 100 

yards, and the radius of the circle /2 vards; required the area 
of the zone. Ans. I3500| square yards. 

3. 1 he parallel chords of a circular zone are each 2^ feet, and 
the radius of the circle If ; required the area. 

Ans. square feet nearly. 
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Problem X. 

To find the area of a circular ring, or space included between 
two concentric circlet. 

Take the difference between the two circles, for the ring; oi 
multiply the sum of the radii by their difference, and multiply 
the product by 3*1416 for the answer. 


FORMULiB. 

A = IT (R* — r*) = _L (C* — c®); in which R and r are 

4 IT 

the greater and lesser radii, and C and c the greater and lesser 
circumferences. 


EXAMPLES. 


I. The diameters of the two concentric circles being A B 20 
and DG 12 feet, required the area of the ring contained be¬ 
tween their circumferences A E B A, and D F G D. 

E 


AC = 

10 

3*1416 

DC = 

6 

64 

sum 

16 

12*5664 

dif. 

4 

188*496 


64 

201*0624 



2. The diameters of two concentric circles being 20 and 10 
feet; required the area of the ring between their circumferences. 

Ans. 235*62 square feet. 

3. What is the area of a ring, the diameters of its bounding 

circles being 6 and 4 feet? Ant. 15*708. 


4. The circular fences on each side a gravel walk, surrounding 
a shrubbery, are 800 and 714 feet in length ; what is the area oi 
the walk, and what did it cost in laying with gravel at U 
per square yard? j y-r*' 

( Cost £79 3s. 


Problem XI. 

To find the area of a lune A C B D A. 

Rule.— Find bv Prob. VIII. the areas of 
*he segments A C B and A D B, formed by 

the chord A B of the two arcs of the lune, 

and the difference of these areas will be the 
area reumreae 


\ 



iS 
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EXAMPLES. 

1. What is the area of lune, the chord A B of which is 24 ft 
and t^ heights of its two arcs 5 and 3^ ft. ? Ans. 254 so. ft 

^ on c® ^ heights of its arcs 4 

and 20 feet; required the area. Ans. 57*867 square yards. 

Problem XII. 

To find the area of an ellipse. 

Rule.—M ultiply the product of the semiaxes T P, C P bv 
3* 1416 for the area. ^ 


C 


FORMULA. 

A = fl ^TT, in which a and b 
are the semiaxes. 


m 


T 



1 

i 



p 

T y 


R 


0 


I acre 396 square yards. 


examples. 

1. The axes of an elliptical 
shrubbery in a park are 300 and 
200 feet; required the area. 

Ans. 5236 square yards. — 

• 1 ,1 * p » — * ixt., t ■siruure yaras. 

2. Uequn-ed the area of an ellipse, the axes of which are 70 

and oO yards. Am. 2748 square yard, 8 feet. 

Problem XIII. 

To find the area of an elliptical segment, the chord 
’parallel to one of the axes. {See last figure.) 

Rule. Divide the height of the segment by that 
ellipse of which it is a part ; and find in the table 
segments at the end of the book, a circular segment 
same versed sine as this quotient. Then multiply 
together, this segment, and the two axes, for the area 


of which u 

axis of the 
of circular 
havin O- the 

C7 

continuallv 


required. 

EXAMPLES. 

**. What is the area ot an elliptic segment ni^n, whose height 

Rris20; the tranverse T R being 70, and the conjugate CO 

StI feet I ® 

70) 20 ( '285y the tabular versed sine. 

T.he corresponding segment 
is * 1 So 16f) 

70 


12-961620 

30 


548*08 luOU square feet, the area required. 
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8 . What is the area of an elliptic segment, cat off parallel to 
the diorter axis, the height being 10, and the axes 25 and 
85 feet ? Aru. 162*021 squan feet. 

8. What is the area of the elliptic segment, cat off parallel to 
the longer axis, the height being 6, and the axes 25 and 
85 feet ? Ans. 97*8468 square feet. 

Problem XTV. 

To find the area of a parabola. 

Bole.— Multiply the axis or height V E 
by the base or double ordinate D F, and f V 

of the product will be the area. 

FORMULA. 

A = f a d, in which a is the axis, and * 
d the double ordinate. ^ 

EXAMPLES. 

1 . Required the area of the parabola 

A V C, the axis V B being 2, and the D £ F 

double ordinate A C 12 feet. 

1x12x2 = 16 square feet, the area required. 

2. The double ordinate of a parabola is 20 feet, and its axis 
or height 18; required the area of the parabola. 

Ans. 240 square feet. 



Problem XV. 

To find the area of a parabolic frustrum A C F D. 

Cube each end of the frustrum, and subtract the one cube 

from the other; then multiply that difference by double the 

altitude, and divide the product by triple the difference of their 
squares, for the area. 


FORMULA. 

C»_<j 

A ^®*( 3 *_^> ^ which a is the altitude, and C and c the 
parallel chords. 


EXAMPLES 


1. Required the area of the parabolic frustrum A C F D A Cl 
bemg 6, D F 10, and the altitude B E 4 feet. ’ 


MENSURATION OF SUPERFICIBF. 


M) 


Ends. 

0F» 10 
AC= 6 


Squares. 

Cubes. 

100 

1000 

36 

216 

64 dif. 

784 

3 

8 = 


192) 6272 ( 32||» = 32| Am. 

512 

384 


128 


2. What is the area of the parabolic frustrum, the two ends oi 
which are 6 and 10, and its altitude 3 feet ? Am. 2 square feet. 

Note. Ihose who wish for further information on the areas of the conio 
sections, are referred to the treatise on Analytical Qcomctry and Conic 
Sections^ in Weale’s Rudimentary Series. 


Problem XVI. 

To find the areas of irregular figures whether bounded by straight 
lines or curves. 

Case I. — IThen the figure is long and narrow. 

Rule. —Take the perpendicular breadth at several places, at 
equal distances ; to half the sum of the first and last two breadths, 
add the sum of all the intermediate breadths, and multiply the 

result by the common distance betw’een the breadths for the 
area. 


Case II .—-fThen the breadths or perpendiculars are taken at 
unequal distances, the figure being long and narrow. 


Rule I.—Find the areas of all the trapezoids and triangles 
separately, and add them together for the area. 

Rule II.—Add all the breadths together, and divide the 
sum by the whole number of them for the mean breadth, which 
multiply by the length for the area.—This method is not very 
correct, but may do where great accuracy is not required. 


EXAMPLES. 

1. The perpendicular breadths, or offsets of an irregular figure 
at five equidistant places are A D = 8 2, m p — 7*4, n q = 9*2, 
o r = 10*2, B C = 8' 6 feet; and the common distances A m = 
m n r= &c. = 50 feet ; required the area. 
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Bj Rule 1., Case 1. 

8-2 

8-6 


8)16*8 turn 


8*4 » ^ buid 
7*4 
9-2 
10*2 


35*2 

50 


Dp f r C 



Am , 1760 0 »quare feet . 

2. The length of an irregular plank is 25 feet, and its perpen¬ 
dicular breadth at six equidistant places are 17*4, 20*6, 14*2, 
16*5, 20*1, and 24*4 inches; required the area. 

30 "^^ sqxtxttre 

3. Take the dimensions and 
find the area of the annexed 
irregular figure, by Rule I. and 
II., Case II. 

Case III. When the breadth of the fiyure is large and its 
boundary curved or crooked. 

Rule. —Divide the figure into trapeziums and triangles, in the 
most convenient manner, taking offsets to the curved or crooked 
portion of the boundary. Find the areas of the trapeziums, 
triangles, and the offset pieces separately, which, being added 
together, will give the required area of the whole figure. 



EXAMPLE. 


The annexed figure is 
divided into two trape¬ 
ziums A B F G, B C E F, 

and one triangle C D E, 
with offsets on A B, A G, 
C D, and D E. It is re¬ 
quired to measure the se¬ 
veral parts of the figure, 
and to find its area. 




The areas of the trape- 

^*' perpendiculars on the diagonalj 

At. B E by Prob. IV.. and the area of the triangle bv Prob. II., 

the areas of the several offset pieces being found by one or othei 
of the cases of this Problem. 
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PROMISCUOUS EXERCISES. 

Tlie sides of three squares are 6, 8, and 24 feet, required 
the side of a square that shall have an area equal to all the 

^^***'^- Ans. 26 feet. 

2 . In cutting a circle, the largest possible, out of a card-board 
5 feet square, how much will be wasted? 

Ane. 5*365 square feet. 

3. The area of a square is 72 square feet; required the lenofL 

of its diagonal. 12 feet. 

4. A ditch 13 yards wide surrounds a circular fortress, the 

circumference of the fortress being 704 yards; required the area 
of the ditch. Ans. 2 acres nearly. 

5. What is the area of a circular table the diameter of which 

is 59 inches ? Ans. J ^ square feet nearly. 

6 . ^vhat is the area of an isosceles triangxe, the base of which 
is 5 feet 10 inches, and each side 8^ feet ? 

Ans. 23 square feet 41^ inches. 

7. Required the side of a decagon the area of which is 9 square 

A 71 S. 1 foot 1 inch nearly. 

8 . The side of a square is 50 yards, and its corners are cut ofl 
BO as to form an octagon ; required the area of the octagon. 

Ans. 2071 square yards. 


PART IV. 

MENSURATION OF SOLIDS. 

DEFINITIONS. 

1. A Solid has three dimensions, length, breadth, and 
thickness. 

2. A prism is a solid, or body, whose ends are any plane 
figures, which are parallel, equal, and similar ; and its sides are 
parallelograms. 

A prism is called a triangular one when 
its ends are triangles; a square prism, 
when its ends are squares; a pentagonal 
prism, wlien its ends are jjentagnns; and 
so on. 
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3. A. cube is a square prism, haring six 
rides, which are all squares. It is lixe a 
die, haring its sides perpendicular to oue 
another. 

4. A parallelopipedon is a solid haring 
six rectangular sides, every opposite pair of 
which are equal and parallel. 



5. A cylinder is a round prism, having 
circles for its ends. 

Not*, a prism is called a right one, when its sides 
are perpendicular to its ends; and an obliqne prism 
when its sides are inclined to its ends. 

6 . A pyramid is a solid having any 
plane figure for a base, and its sides are 
triangles, the vertices of which meet in a 
jioint at the top, called the vertex of thcb 
pyramid. 




The pyramid takes names according to the figure of its base, 
like the prism ; being triangular, or square, or hexagonal, Ac. 


7 . A cone is a round pyramid, having 
a circular base. 


8 . A sphere is a solid bounded by ont 

eontiaued convex surface, every point o; 

which is equally distant from a point within, 

called the centre.—The sphere may be con* 

ceived to be formed by the revolution of i 

semicircle about its diameter, which remains 
fixed. 




9. The axis of a solid, is a line drawn from the middle of one 

end, to the middle of the opposite end ; as between the opposite 

ends of a pnsin. Hence the axis of a pyramid, is the line from 

the vertex to the middle of the base, or the end on which it is 

supposed to stand, as O V. And the axis of a sphere, is the 

same as a lameter, or a line passing through the centre, and ter- 
minated by the surface on both sides. 


a right pyramid when the axis is perpendicular 
base, but when inclined to the ba.se. it is called an oblique pyramid. 
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10 . The height or altitude of a solid, is a line drawn from its 
vertex or top, perpendicular to its base.—This is equal to the 
axis in^ a right prism or pyramid; but in an oblique one, the 
height is the perpendicular side of a right-angled triangle, whose 
hypothenuse is the axis. 

11 . Also a prism or pyramid is regular or irregular, as its base 
is a regular or an irregular |)lane figure. 

12 . The segment of a pyramid, cone, or other solids, is 
a part cut off the top by a plane pai'allel to the base of that 
figure. 

13. A frustrum or trunk, is the part that remains at the 
bottom, after the segment is cut off. 

14. A zone of a sphere, is a part intercepted between two 
parallel planes. When the ends, or planes, are equally distant 

from the centre, on both sides, the figure is called the middle 
tone. 

15. The sector of a sphere, is composed of a segment less 
than a hemisphere or half sphere, and of a cone having the 
same base with the segment, and its vertex in the centre of the 

16. A circular spindle, is a solid generated 
by the revolution of a segment of a circle about 
its chord, which remains fixed. 

17/ A regular body, is a solid contained under a certain 
number of equal and regular plane figures of the same sort. 

18. The faces of the solid are the plane figures under which it 
is contained ; and the linear sides, or edges of the solid, are the 
sides of the plane faces. 

19. There are only five regular bodies: narneh’, 1st, the tetra¬ 
hedron, which is a regular pyramid, having four triangular faces : 
2 nd, the hexahedron, or cube, which has 6 equal square faces : 
3rd, the octahedron, which has 8 triangular faces : 4th, the do¬ 
decahedron, which has 12 pentagonal faces: .5th, the icosahe¬ 
dron, which has 20 triangular faces. 


sphere. 



TABLK OF SOLID MEASURt:. 


1 728 cubic inches. . 
2 / cubic feet. . . . 
277-274, or 
2771 nearly 


cubic inches 


= 1 cubic foot. 
= 1 cubic yard. 

= 1 gallon. 
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Problem 1. 

To Jind the solidity of a cube. 

Rule. —Cube one of its sides for the content; that is, mul* 
tiply the side by itself, and that product by the side again. 

FORMULA. 

Let I = length of the side of the cube, S its solidity, and « its 
surface; {which two last are also used to represent the solidities 
and surfaces of all the solids in the following problems') then, 

S = and / = ^ s. Also # =r 6 R 

EXAMPLES. 

I. If the side A B, or A C, or B D, of a cube be 24 inches, 
what is its solidity or content ? 

By the Rule or the first Formula. 

24 

24 

i)6 

48 


576 

24 


2304 

1152 


13824 Jns. 

2. How many solid yards are in a cube the side of which is 

22 feet? dns. 3*14 solid yards 10 feet. 

3. Required how many solid feet are in the cube the side of 

which is 18 inches ? Ans. 3f. 

4. What is the content of a cube, measuring 6 feet 8 inches 

every way ? Ans. 296 cubic feet 3'. 6". 8'". 

5. A cubical box contains 343 cubic feet; required the length 
of its side. 

By the second formula / = S = ij 343 = 7 feet 

6. How many square feet of deal will make a cubical box, lid 
included, each side of the box being 3 feet ? 

By the last formula, s = 6 P — 6 x3^ = 54 square feet. 

Problem II. 

To find the solidity of a partdlelopipedon. 

Rule. —Miiltiply the length, breadth, and depth, or altitude. 
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continu^y together, for the solid content; that is, nmltinh 
the length by the breadth, and that product by the depth. ^ ^ 


Put I 
then S 


: length, b 
I b d, I = 


FORMULiE. 

breadth, and d 


depth of the solid; 


b d 


, b 


Id 


, d 


{b + d) b d) \ . 


I V 


Also, 


s = 


EXAMPLES. 

1 . Required the content of the 

length A B is 6 feet, its breadth A C 
If feet. 


parallelopipedon, whose 
2 j feet, and altitude B D 


1-7 


BD 

AB 



10'50 

2-5 


AC 


A 


5250 

2100 


26'2o0 Ans. 

2 . Required the content of a parallelopipedon, the length of 
which is 10-5, breadth 4 2 , and height 3*4. Ans. 149-94. 

... * ^ teet are in a block of marble, the length 

of which is 3 feet 2 inches, breadth 2 feet 8 inches, and depth 
2 feet 6 inches ? Am. 2\\. 

4. A stone in the ruins of the w-alls of Balbec is 66 feet in 
length, 14 in breadth, and 12 in thickness; required its content, 
and its weight at the rate of 180 lbs. per cubic foot. 

Ans, 11088 cubic feety weight 891 tom. 

5. A rectangular cistern is to be made 32 feet in length and 

12 in breadth, and to hold 1920 cubic feet of water ; what must 
be Its depth ? 

By the third formula the depth d ^ ^ 5 feet 

^ ^ . / 6 32 X 12 

6 . What quantity of deal is there in a box 3f feet long, 2 

wide, and 11 deep ? * ® 

By the last formula « = 2 | 3^ (2 If) -f 2 x If j = 30^ 

>quare feet. 
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Problem III. 

To find the solidity of any prism or cylinder. 

Rule.—F ind the area of the base or end; which multiply by 
the height or length ; and the product will he the content. 

To find the area of the surface of a prism or cylinder. 

Rule.—M ultiply the perimeter or circumference of the base oi 
end by the length or height, and the product will be the area 
required. 

Not*. If the whole surface be required, the area of the two ends must 
be added to the area found by the rule. 

FOEMUT.iK. 

Put I — length or height, as before ; a the area, and c the 
circumference of the base ; then 

^ I s 

S = a / —, I = -. Also s = c I 2a — surface of the 

4 w a 

prism, including the two ends, and s — rr d I = convex surface 
of the cylinder, exclusive of the ends, d being the diameter of 
the base. 

EXAMPLES. 

1. Required the content of a triangular prism, the length 
A C of which is 12 feet, and each side of its equilateral base 6t 
feet. 

By the rule or first formula. 

*4330 tabular No. (page 24) 

6i 

2*5980 

•10825 

a = 2*70625 area of end 

Z = 12 length 

Ans. 32*475 solid feet. 

2. Required the solidity of a triangular prism, the length of 

which IS 10 feet, and the three sides of its triangular end or 
base are 6, 4, 3 feet. Ans. 60 cubic feet. 

3. What is the content of a hexagonal prism, the length being 
8 feet, and each side of its end 1 foot 6 inches? 

Ans. 46 766 cubic feet. 

4. Required the content of a cylinder, the length of which is 
20 feet, and circumference feet. 

By the second formula, 
c* I 

s — ^ X 20 X *07958 = 48*146 cubic feet. 
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irif , convex surface of a cylinder th*. 

I inches ^ ^ diameter 2 feet 3 

I By the last formula, 

IlilH * ^ '? = 113-0976 sq. feet, 

^rii? Required the whole superficial area of a cvlindpr 

the length of which is 15 feet, and diameter 5^ feet. 

Am. 32-^ square yards. 

/IW superficial area of a triangular 

t Ilk square feet, and each side of its equi. 

lateral ends 5 feet; required its length. 

By transposing the third formula, 

/ 8 — 2 

^ =- = 8 09 feet. 

.1 ^ 

I 8. The diameter of s cylinder is 12 feet, and its 
length 20 j required tb<i content. 

jt'/is. 2262 cubic feet ueuvly. 

9. How many cubic feet of stone is there in a 
round pillar, the height of which is 16 feet, and 
, diameter 2 feet 3 in? Am. 63*62 cubic ft. 

/\ \ . square yards of painting are there 

< lat.o'/ > i>* the convex surface of a column, the length ol 

which is 20 feet, and its diameter 2 feet? 

Am. 13 square yards S^feet nearly 
Problem IV. 

lo find the solidity of any cone or any pyramid. 

Rule.— Compute the area of the base, then multiply that area 
l)y the height, and take | of the product for the content. 

'do find the convex surface of a right coney or the slant sur¬ 
face of a right pyramid. 

Rule. —Multiply the circumference of the base by the slant 

height, or length of the side, and take half the product for the 
surface. 


V 

12'..O'/ 


^ a ly a 


3 S 


J 


FORMULA. 

3 S 


Also 5 == ^ c fy I' being the 


slant height. When the whole surface is required, the area of 
the base must be added. 


1. What is the solidity of a cone, the height C D of which is 
12^ feet, and the diameter A B of the base 2^ 
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Here 2 ix 2 i-.| x | ^ 

Then *7854 

6 } 

■1-7124 

1963.0 

4-90875 firea of base 
125 height C I) 

58-90500 
2-454375 

3)61-359375 
20-453125 Ans 

2 . W’loat is the solid content of a pentagonal pyramid, its height 
being 12 feet, and each side of its base 2 feet ? 0 

1*7205 tab. area 

4 square side 

6-882 

4=1 of height C O 

Ans. 27-528 cubic feet. 

3 What is the content of a cone, its height being lOy feet 
and the circumference of its base 9 feet ? 

Ans. 22-5 61 cubic feet. 

4, Required the content of a triangular pyramid, its height 
being 14 feet 6 inches, and three sides of its base, 5, 6, 7. 

Ans. 71-0351 cubic feet. 

What is the content of a hexagonal pyramid, the height of 
which is 6*4 feet, and each side of its base 6 inches? 

Ans. 1*38 cubic feet. 

6. If the diameter of the base A B be 5 feet, and the side oi 
the cone A G 18, required the convex surface 

3-1416 

.5 diameter 

I6-7O8O circumference 
18 

126664 

16708 

2)282-744 




An*. 141'372 souar* 
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7. VVhat (s the convex surface of a cone, the slant side of 
whicn IS 20 and the circumference of its base 9 feet ? 

An^, 90 squarefeet. 

8. Reqnj^red the convex surface of a cone, the slant height of 
which IS feet, and the diameter of its base 8 feet 6 inches? 


5 


Ans. 667*59 square feet. 
equilateral base of a triangular pyramid is 

pendtu“r'heyf' = -’I"--' P- 

Ans. By the third formula, the height if found 17 feet 4 
inches nearly. 

10 . Required the weight of a hexagonal pyramid of marble, 
each side of the base of which is 1 foot 3 inches, and the vertical 
height 10 feet, the weight of the marble being 170 lbs. per 

Ans. 1 ton. Ocwt. 60 ^ lbs 

11. A cone contains 8 solid feet, and its height is 2 feet • 
what IS the circumference of its base? Ans. 12*28 ft nearly. 

12. The circumference of the base of a cone is 33 feet, and 


the slant height 8 feet 9 inches 


required the content 

Ans. 202*65 cubic feet. 


Problem V. 

To find the solidity of the frustrum of a cone, or any pyramid. 

General Rule.— To the area of the two ends add the 

square root of their product, and multiply the sum by I of the 
height for the solidity. 

FORMULiE. 

If A and a be the areas of the greater and lesser ends; then, 

^ ~ ^ (A + a + yf A. a) 1. 

IVhen the solid is the frustrum of a cone, or of a pyramid, 
having its ends regular polygons. 

Rule. To the sum of the squares of the radii of the ends, 
if a cone, or of the sides of the ends, if a pyramid, add their 
product; and multiply the sum by 3*1416, if a cone, or by the 
tabular number of the polygon, if a pyramid, and again by ^ of 
the height for the content. 


FORMULAE. 

8 = -j (R^ + R r) / IT, 

in which R and r are the radii of the ends, if a cone, or the 
sides of the ends, if a pyramid. In the latter case jr represents 
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the tabular Dumber of the polygon. If R and r be taken as the 
circumferences of the ends of a cone, then tt must be taken 

= -07958. 

To find the convex surface of a frustrwn of a cone, or the slant 
surface of a pyramid. 

Rule.— klultiply the sum of the circumferences of the two 
ends by i the slant height of the frustrnm for the required 

surface. 

Not®. When the whole surface is recjuircd the areas of the two ends must 
be added to the result of the Rule. 


EXAMPLES. 


1. What is the content of a frustrum of a cone, the height of 
which is 20 inches, and the diameters of its two ends 28 and 20 

inches ? 



31416 


188496 

94248 

125664 


1369-7376 

20 P Q 


3)27394-7520 


Ans, 9131-5840 soZti mcAc*. 

2. Required the content of a pentagonal frustrum, the height 
of which is 5 feet, each side of the base 1 foot 6 inches, and 
each side of the less end 6 inches. 
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1-5 

1*5 

1*5 '5 

•5 *6 

75 

15 

75 -26 

2.25 — 

2*25 

25 


3-25 

17205 tab. area. 


1625 


650 


2275 

325 


5-591625 


3)27-958125 




c319375 endtc feet 


lipina^ fU sohditj of the frustrum of a cone, the altitude 
less fn?^n^^ circumference at the greater end 20, and at the 
less end 10 feet ? 464-216 cubic feet. 

4. How many solid feet are in a piece of timber, whose bases 
re squares, each side of the greater end being 15 inches, and 

cular altitude is 24 feet ? ^ gL 

' the content of the frustrum of a cone, the altitude 

oeing 18, the greatest diameter 8, and the least 4 feet. 

Ans. 527*7888 cubic feet. 

6 . M hat is the solidity of a hexagonal frustrum, the height 
being 6 feet, the side of the greater end 18 inches, and of the 
less 12 inches ? 24-68 cubic feet. 

of a tree at its two ends are 15 and 
10 feet, and Its length 48 feet; how many solid feet does it 

contain { (R and r being taken for the girts in the second 
formula, &c.) 604f nearly. 

8 . The height of the frustrum of an octagonal pyramid is 4^5 
leet and the sides of its ends 26 and 19; required the solid 
content. An». \\S27 9 cubic feet. 
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9. The sides of the ends of the frustrura of a 
square pyramid are 6 and 4 feet, and its slant 
length 20 feet, required its slant surface. 

6 X 4 24 

4 X 4 = 16 


ciremnf. of ends. 


40 sum 
10 = 


^ length 


9) 400 



444 sqmire yartlx. 

Nutk. The slant length is measured from the middle of 
one side to that of its corrcsi)onding side. 

10. The slant height of tower, in the form of 
a hexagonal jiyramid, is 74 feet, each side of the 
base 7i, each side of the top feet; required the area of the 
sides, and the exjtense of painting it at I 5 . .'Ir/. per square yard. 

Ans. 2220 square feet, and Jd\b 85 . 4</. 

11. What is the convex stirface of the fnistrurn of a cone, the 

slant height of the frustrum being 12'5, and the circumferences 
of the two ends 6 and 8’4 feet? Ans. 90 square feet. 

12. Required the convex surface of the frustrum of a cone, 
the side of the frustrum being 10 feet 6 inches, and the circum¬ 
ferences of the two ends 2 feet 3 inches, and 5 feet 4 inches. 

Ans. 39^ square feet. 

13. The perpendicular height of the frustrum of a cone is 3 

feet, and the circumferences of the base and top 9 and 6 feet; 
required the whole snrfacp. Jins. 32-08 square feet. 

Problem VI. 


To find the solidity of a wedge. 

Rule. —To the length of the edge add twice the length of 
the back or base, and reserve the sum ; multiply the height of 
the wedge by the breadth of the base; then multiply this pro¬ 
duct by the reserved sum, and take 4 of the last prodWt for the 
content. 


FORMULA. 

S = 4 (2 / 4- /') hh, the symbols denoting the parts shown 
on the following figure. 


EXAMPLES. 

1. What is the content in feet of a wedge, the altitude A P 
of which is 14 inches, its edge A B 21 inches, and the length 
itA base D E 32 inches, and its breadth C D 44 inches f 







MENSURATION OP SOLIDS. 


21 

32 

32 


65 


14 

56 

7 


A 


I' 


B 


r 


63 

85 


315 



I) 


R 


504 
6 I 5355 


12 

1728 j 12 

i2 


inches. 

74-375 


6-197916 


_ ^16493 Ans. in cubic feet, or little more than 

. 2. The edgrand base of '. wedge are reapecti:eC‘‘9 

InlVe ielhl ITfe?!*’ I ^“b 

nd the height 3 feet 6 m.; required the content of the wedge. 

Q rpi u ’ 1 , , feet, 7'. 1", 4"'. 

. The height and length of edge, the length and breadth o/ 

base of a wedge are each 2 feet; what is its solidity ? 

Ans. 4 cubic feet. 

Problem VII. 

To find the solidity of a prismoid. 

Definition.—The ends of a prismoid are parallel and dis^ 
similar rectangles or trapezoids; the solid is, therefore, the 

Add into one sum, the areas of the two ends and 4 
times the middle section parallel to them, and } of that sum 

^ J^ean area; which being multiplied by the height, 
will give the content. ® 

Note. For the length of the middle section, take half th« sum of the lengths 
twHnds"*^' ’ breadth, take half the sum oi the breadth? of 


FORMULA. 

® (L B 4- / 5 4- 4 M m), the 
parts shown in the following figure. 


symbols representing the 


EXAMPLE. 

1. How many cubic feet are there in a stone, the ends of 




MENSURATION OF SOLIDS. 


66 


wftich are rectangles, the length and breadth of the one being 
14 and 12 inches ; and the corresponding sides of the other 6 
and 4 Inches: the perpendicular height being 30| feet ? 


14 

10 

12 

8 

168 

80 

— 

4 


320 


168 


24 


6) 512 



85^ mean area in inches 
height 



2560 

42f 


12 2602-6 
12 216*8 


18 074 Ans. 


2. What is the content of a railway coal waggon, of which 

the length and breadth at top are 81^ and .55 inches, at bottom, 
the length and breadth are 41 and 29^ inches, and the height 
47 J inches? Jns. 73^ cubic feet. 

Notb. Several railway cuttings are in the form of a prismoid, with dissimi. 
lar trapezoidal ends. The following is an example of this kind, the bottom 
width being the same throughout. 

3. The top widths of a railway cutting are 120 and 90 feet, 

their respective depths 30 and 20 feet, the bottom width 30 feet, 
ind the length of the cutting 3 chains or 66 yards ; required the 
' ontent in cubic yards. Ans. 12466^ cubic yards. 

Problem VIIT. 

Vo find the solidity of a sphere or globe. 

Rule. Multiply the cube of the diameter by *5235. 


FORMULAE. 

S = 1)3 n-, and D = 




mensuration op solids. 

examples. 

qilired its solidity!"^ * sphere u 12 feet re. 

>2’ X -^26 = 004-7808 cu6ic feet. 

1 if* f ^ content and weie-fit «f «« • 

>all Si inches in diameter, the weiaft?f 
, bems IS20 ounces (Av ) ner cuhTr ! ^ 

A?is. Content ‘>'2-44q ^->,1. • ■ n' ‘ ^ cubic foot. 

«. A 2i inch cube of " 5*“ 

diameter; what weight invory^^rbe^or?*^’*'’" 

4. ]lf nin‘iv>fi fL Tj 7'68 ounces. 

cumference to be 25000 milel°^ supposing its cir* 

Ans. 263855164967 eubtc miles. 
I^Roblem IX. 

J o/nd the solidity of a spherical segment. 

add thr^uare'orits'h" ht T" 

height, au’d the prodl'by 5236 


s 


formula. 


i- (8r^ A2) h TT, in which r = DB, and A 


examples. 

A 


ad. 


c 



li 


8 
8 

64 

3 

192 




4 
4 

16 

192 

208 

4 

832 


5236 

832 


10472 

15708 

41888 


435'6352 Ans 


of which Is 9 *^and*thp of the segment of a sphere, the heigh 

uj wnicn is y, and the diameter of its base 20 feet? ® 

« ^ • r , Ans. 1795'4244 cubic feet. 

ofwhich^h^t IndX^T^ the spherical segment, the heighi 

cn IS ^ 4 , and the diameter of its base 8-61684 feet. ° 

Ans. 71-5695 cubic feet. 


i 
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Problem X. 

To find the solidity of a spherical zone or frustrum. 

Rule. —Add together the square of the radius of each endj 
and of the square of their distance, or of the height; then 
multiply the sum by the said height, and the product again by 

1-5708. 


FORMULA. 

S = i { 3 (R 2 -f 7 - 2 ) + h^)h 7 r. 

EXAM PLES. 

1. What is the solid content of a zone, its greater diameter 
being 12 inches, the lesser 8, and the height 10 inches? 

G* = 3G 

42 = 16 

^ X 102 = .33| 


85i 

85^ X 10 X 1-.5708 = 1340-416 cubic in., 
the content required. 

2. Required the content of a zone, the greater diameter is 12, 
less diameter 10, and height 2 feet. Ans. 195 8264 cubic ft. 

3. What is the content of a middle zone, the height being 8 
feet, and the diameter of each end 6 feet ? 

Ans. 494-2784 cubic ft. 

4. A cask is in the form of the middle zone of a sphere, its 
top and bottom diameters being 5 feet 8 inches, and its height 
.5 feet, inside measure ; how many gallons will it contain ? 

Ans. 1193f gallons. 



Problem XI. 

To find the convex surface of a sphere, also of a segment attd 
zone thereof. 

For the sphere. 

Rule. —Multiply the square of the diameter by 3-1416. 

For the segment or zone. 

Rule. —Multiply the circumference of the whole sphere bv 
the heieht of th- segment or zone. ^ 
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FORMULA 


A = d^'Tr = e d 


A = dh 


V 


for the sphere. 
■ the segment o 


. EXAMPLES. 

wWchls'2 feel**"® ‘'*® «»“eter ol 

^ 1 ,^ 3*1416 = 12*5664 square feet. 


Here 


TT 


4* : 3*1416 — 5*0929 square feet. 


or axis beW of the earth, its diameter 

being 7957i miles, and its circumference 25000 miles. 

A a • r 1 . . ■^^^* 198943750 square miles. 

snnpr ^ inches, what is the convex 

uperficies of the segment, whose height is 9 inches ? 

K p__„* 1 .1 Ans. 1187*5248 square inches. 

or hP]Vh?TrV*^L of a spherical zone, the breadth 

(liamefer ^ ^ cut from a sphere of 12^ feet of 

Ans. 78*54 square feet. 

Problem XII. 

To find the solidity of a circular spindle. 

length A B subtract twice 
the product of the area of the circular segment A C B and the 

the^oli(Bty^°^^ ^ multiply the difference by 3*1416 for 

FORMULA. 

2 E 0 area of seg. A C Bj jr. 

Note. The central distance B 0, ana 

the area of the segment A C B, may be 

found by the Problems for the purpose in 

Parts II, and III.; however, the whole 

operation shall be given in the following 
example. 


S = (-^ AB3 

C 



middle diameter C D 
Piameter H I = 


EXAMPLES. 

1. The length A B of a cir¬ 
cular spindle is 24 feet, and its 
18; what is its content ? 

A E* 122 

-fCE=:^+9 = 25 feet. 


C E 


9 
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Tlien, by Rule II., Prob. VIIL, pa^e 45, 

9 -s- 25 = '30 — tabular lieight or versed sine. 

Tlie area of corresj)oii(ling seg. Tab. 1, is *25455, which mul- 

25'^ 2 :ives — 159'09375 = area of seg. A C B. 


2_5 

Q 


plied by H I- = 2;V^ gives = 

Now' EO=-CO — CE 
Whence S = (| A — 

(>243— 7 X 159-09375) x 3-1416 


9 


3 - 5 , or 2 E O 7. 


2 E 6 X area of seg. A C B) tt 

= 37391 cubic feet. 


E 


2. The length of the circular spindle rs 6 feet, and its middle 
diameter 21 feet; required the content. Ans. 161 c.ft. nearly. 

Problem XIII. 

To find the content of the middle zone or frustrum of a circular 
Kjtindle. 

Rur.K, From thrice the scpiare of the length of the whole 
spindle subtract the square of the length of the middle frustrum, 
and multiply the difference by 
1 of the said length of the 
frustrum. Again, multiply 
four times the central distance 
by the area of the middle sec¬ 
tion A D E C B F.—Subtract 
the latter product from the 
former, and multiply the re¬ 
mainder by -7854 for the con¬ 
tent. 



Q 


.Vote. The middle frustrum of a circular spindle is one of the varieties of 
casks in guagiiig, the practical rule for finding the content of which, though 
not so strictly accurate, is much more concise than the one just given, 
(See Gnaginy). W'e shall, therefore, not give an example worked out at 
length, as in the preceding Problems, but shall give, for the exercise of the 
student, the following 

EXAMPLE. 

How many gallons (Imperial) are contained in a cask, in the 
form of the middle frustrum of a circular spindle, its head dia¬ 
meter (A D) being 1*2, its bung diameter (E F) 16, and its 
length (D C) 20 inches? Ans. 12 6 gallons. 

Problem XIV. 

To find the convex surface of a circular spindle A C B D, 

(fig. to Prob. XII.) or of any segment A P D, or zone A D C B. 
tfig. to Prob. XIII.). 


FORMUL.®. 

IiCt / — length of the spindle, segment, or zone, « = its re¬ 
volving arc, r = the radius of the generating circle, and e =» 
the central distance: then A = 2 (?r — ac) tt. 
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EXAMPLE. 

What is the surface of a circular spindle, the length of whicf 
is 24, and its middle breadth 18 feet ? A?is. 1181|^ 

Problem XV. 

To find the solidity of a cylindrical ring. 

lo the thickness of the ring; add the inner diameter; then 
multiply that sum by the square of the thickness, and the pro¬ 
duct again by 2'4674, or j of the square of 3*1416, for the 
solidity. 

FORMULA. 

Let R and r be the inner and outer radii of the ring; then 

S = I (R — r)2 (R + r)7r~, 

EXAMPLES. 

1. Required the solidity of a 
ring, the inner diameter being 
12 and the thickness 2 inches. 

(12 + 2) X 22 X 2-4674. 
138-1744 square inches. 

2. What is the content of a 
ring, the thickness of which is 
4, and inner diameter 16 feet ? 

Ans. 789*568 square feet. 

Problem XVI. 

To find the surface of a cylindrical ring. 

Rule. —Multiply the sum of the outer and inner radii of the 
ring by their difference, or the thickness of the ring, and the 
product by 9-8696, or the square of 3*1416 for the surface. 

FORMULA. 

A= (R + r) (R_r)7r2. 

EXAMPLES. 

1. The inner and outer radii of a ring are 6 and 8 inches ; 
required the area of its surface. 

(8 -t- 6) (8 — 6) X 9*8696 = 276*3488 sq. inches. Ans. 

2. What is the surface of a ring, the inner diameter of which 

is 1 6, and the thickness 4 inches ? Ans. 789*568 sq. in. 

Problem XVII. 

To find the solidity of a spheroid. 

Square the revolving axis, multiply that square by the fixed 
axis, and multiply the product by *5236 for the content 


A 



3 ) 


MENSPRATION OP SOLIDS. 


71 


FORMULA. 

S ■« 1 r being the revolving axis, and/the fixed axis. 

Notb. In the prolate spheroid, the revolying axis is the conjugate ; but, in 
the oblate, the revolving axis is the transverse. 

EXAMPLES. 

I. Required the solidity of the prolate spheroid A C B D, the 
axes being A B 50 and C D 30. 

30 '5236 

30 45000 

900 26180000 A 

50 20944 


45000 23562-0000 /ins. 

2. Required the content of an oblate spheroid, the axes of 

which arc 50 and 30 inches. .^ns. 22’7257 cubic feet. 

3. What is the solidity of a prolate spheroid, the axes of 

which are 9 and 7 feet ? Ans. 230'9076 cubic feet. 

4. The earth is an oblate spheroid, the equatorial and polai 

axes being 7925^ and 7899 miles respectively; what is its con¬ 
tent in cubic miles ? Am. 259,791,592,621*1991 miles. 

Problem XVIII. 

To find the content of the middle zone of a spheroid, the ends 
being drmlar and perpendicular to the fixed axis. 

Rule. —To double the square of the middle diameter, add the 
square of the diameter of one end; multiply this sum by the 
length of the frustrura, and the product again by *2618 for the 
content. 

Note. The middle zone or frustrum of a spheroid is one of the varieties 
of casks in gauging. 



EXAMPLES. 

1. Required the content of the middle zone of a spheroid, the 

middle diameter being 30, the diameter of each end 18, and the 
length 40 inches. Ans. 22242*528 cubic inches. 

2. How many gallons are contained in a cask in the form of 

the middle zone of a spheroid, the bung and head diameters 
being 20 and 16 inches, and the length 18 inches, all interna] 
measures? Ans. \1W imperial gallons. 


MKNSURATION OF SOLIDS. 



Problem XIX. 


To find the solidity of a 'paraboloid. 

Notb. a paraboloid is generated by the revolution of a parabola oo its am 


Rule.—M ultiply the square of the diameter of the base bv 

the height or axis, and the product again by *3927 for the 
con. tent • 


EXAMPLE. 

What is the content of the parabolic conoid, the height of 
which IS 42, and the diameter of its base 24 . 

Ans. 9500-1984. 

Problem XX. 

To find the solidity of the frust rum of a paraboloid. 

Rule. Square the diameter of the two ends, add those two 
squares together, multiply tliat sum by the height, and the pro- 
duct again by *3927, for the content. 

EXAMPLES. 

. 1 * . a paraboloidal frustrum, the dia¬ 
meters being 20 and 40, and the height 22-^ inches ? * 

, , . Ans. n 61 \ \ cubic inches^ 

V\ hat is the content of the frustrum of a paraboloid, the 
greatest diameter being 30, the least 24, and the altitude 9 ? 

Ans. 5216-6268. 

Problem XXI. ^ 

T-O find the superficies or solidity of any regula.r^odyMur ' 

Rule I.—Multiply the proper tabular ^ea (taken fr^m the 

tollowing table) by the square of the linear edge of the solid, 
for. the superficies. 

Rule II. Multiply the tabular solidity by the cube of the 
linear edge, for the solid content. 


SURFACES AND SOLIDITIES OF REGULAR BODIES. 

No. of 
faces. 

Names. 

Surfaces. 

Solidities. 

4 

Tetrahedron . 

1 •73205 

0-11785 1 

6 

Hexahedron or Cube. . 

6 00000 

1 -00000 , 

8 

Octahedron.. 

3-46410 

0-47140 I 

12 

Dodecahedron . .... 

20-64573 

7*66312 

20 

Icosahedron . 

8-66025 

2-18169 J 


Notb. These are frequently called the Platonic bodies. 
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EXAMPLES. 

1. If the linear edge or side of a tetrahedron be 3 feet, re- 

fiuired its surface and solidity ? 

1*73205 X 3^ = 15*58845 square feet = surface. 
0-11785 X 3^ = 3*18195 cubic feet = solidity. 

2. What are the superficies and solidity of the octahedron 

the linear side of which is 2 feet ? 

. r Superficies 13*8504 square feet. 

[ Solidity 3*7712 cubic feet. 

3. What are the surfaces and solidities of a dodecahedron 
and icosahedron, each of the linear sides of which are 2 feet } 

f Surface . . . .82*583 square feet. 

[ Solidity. . . .01*305 cubic feet. 
f Surface . . . .34 041 square feet. 

[ Solidity. . . .17*453 cubic feet. 


A ns 


f Dodecahedron 


■ i Ic 


osahedron. 


THE SLIDING OR CARPENTERS’ RULE. 

This instrument is otherwise called the sliding rule, and it is 
made use of in measuring of timber and artificers’ works, both for 
taking the dimensions, and computing the contents. 

The instrument consists of two equal pieces, each a foot in 
length, which are connected together by a folding joint. 

One side or face q|f the rule, is divided into inches, and halt 
quarters or eighths. On the same face also are several plane 
scales divided into 12th parts by diagonal lines ; which are used 
in planning dimensions that are taken in feet and inches. The 
edge of the rule is commonly divided decimally, or into tenths ; 
namely, each foot into 10 equal parts, and each of these into 10 
parts again : so that, by means of this latter scale, dimensions are 
taken in feet, in tenths and hundredths, and then multiplied as 
common decimal numbers, which is the best way. 

On the one part of the other face are four lines, me.rked A, B, 
C, D; the two middle ones, B and C, being on a slider, which 
runs in a groove made in the stock. The same divisions serve 
for both these two middle lines, the one being above the numbers, 
and the other below. 

These four lines are logarithmic ones, and the three A, B, C, 
which are all equal to one another, are double lines, as they pro¬ 
ceed twice over from 1 to 10. The other or lowest line D, is a 
tingle one, proceeding from 4 to 40. It is also called the 
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computing the content^ of trees and 

On the other part of this face there is a table of the value oi 

a load, or 50 cubic feet of timber, at all prices, from 6 pence to 
2 shillings a foot. ^ 

beginning of any line is accounted 1, or unit, 
then the 1 in the middle will be 10, and the 1 at the end 100 • 

and when 1 at the beginning is accounted 10, then the 1 in the 
middle is 100, and the 1 at the end 1000: and so on. All the 
smaller divisions being altered proportionally. 

Problem I. 

To multiply numbers together. 

Suppose the two numbers 13 and 24.—Set 1 on B to 13 on 
A; then against 24 on B stands 312 on A. which is the re¬ 
quired product of the two given numbers 13 and 24. 

Note. In any operations, when a number runs beyond the end of the line, 
seek It on the other radius, or other part of the line; that is, take the lOt’o 

?. 100th part of it, &c., and increase the result proportionally 

10 fold, or 100 fold, &c. r r / 

In like manner the product of 35 and 19 is 665. 

And the product of 270 and 54 is 14580. 

Problem II. 

To divide by the sliding rule. 

As suppose to divide 312 by 24.—Set the divisor 24 on B to 

the dividend 312 on A; then against 1 on B stands 13. the 
quotient, on A. 

Also 396 divided by 27 gives 14*6. 

And 741 divided by 42 gives 17*6. 

Problem III. 

To square any number. 

Suppose to square 23.—Set 1 on B to 23 on A; then against 
23 on B, stands 529 on A, which is the square of 23. 

Or, by the other two lines, set 1 or 100 on C to the 10 on 
D, then against every number on D, stands its square in the line 
C. So, against 23 stands 529 

against 20 stands 400 
against 30 stands 900 

and So on. 

If the given ..umber be hundreds, &c., reckon the 1 on Dfor 
100, or 1000, &c., then the corresponding 1 on C is 10,000, oi 
100,000, &c. So the square of 230 is found to be 52,900* 


riMBER MEASURING. 



Problem IV. 

To extract the square root. 

Set I or 100, &c., on C to 1 or 10, &c., m D; then ngainst 
every number found on C, stands its square root on D. 

Thus, against 529 stands its root 23 

against 400 stands its root 20 
against 900 stands its root 30 
against 300 stands its root 17.3 
and so on. 

Problem V, 

To find a mean proportional between two numbers. 

.\8 suppose between 29 and 430.—Set the one number 29 on 
(y to the same on D ; then against the other number 430 on C, 
stands their mean proportional 111 on D. 

Also the mean between 29 and 320 is 96'3. 

And the mean between 71 and 274 is 139. 

Problem VI. 

To find a third proportional to two numbers. 

Suppose to 21 and 32.—Set the first 21 on B to the second 
32 on A; then against the second 32 on B stands 48*8 on A; 
which is the third proportional sought. 

Also the third proportional to 17 and 29 is 49*4. 

And the third proportional to 73 and 14 is 2*5. 

Problem VII. 

To find a fourth proportional to three numbers : or, to perform 
the liale-of-Three. 

Suppose to find a fourth proportional to 12, 28, and 114.— 
Set the first term 12 on B to the second term 28 on A; then 
against the third term 114 on B, stands 266 on A, which is the 
fourth proportional sought. 

Also the fourth proportional to 6, 14, 29, is 67‘6. 

And the fourth proportional to 27, 20, 73, is 54*07. 


TIMBER MEASURING. 

Problem I. 

To find the area, or superficial content, of a board or plank. 
Multiply the length by the mean breadth. 

Notk. When the board is tapering, add the breadth at the two ends to¬ 
gether. and take half the sum for the mean breadth. 
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BY THE SLIDING RULE. 

bet 12 on B to the breadth in inches on A ; then against the 
length in feet on B, is the content on A, in feet and fractional 

p3.1 tS« 


1. What is the value 
length is 12 feet 6 inches, 


EXAMPLES. 

of a plank, at l^d, 
and mean breadth 11 


per foot, 
inches ? 


whose 


By decimals. 

12-5 
11 


12 j J37-.5 

I _11-466. 

is ^ I 5 ^ Ans. 



By duodecimals 


12 

6 



11 

l^c?. is 1 

11 

5 6 


Is. 

4i<i. 

in. is tI-x 

1 

0 

1 

2 


!«. 5c?. Ans, 


BY THE SLIDING RULE. 

As 12 B : 11 A : : 12^ B : Hi A. 

That is, as 12 on B is to 11 on A, so is 12i onB to llionA. 


EXAMPLES. 

2. Required the content of a board, whose length is 11 feet 2 
inches, and breadth 1 foot 10 inches. 

Ans. 2^ feet 5 inches S pts- 

3. What IS the value of a plank, which is 12 feet 9 inches 
long, and 1 foot 3 inches broad, at 2ld. a foot? 

Ans. 3s. 3~d. 

4. Required the value of five oaken planks at 2d. per^foot, 
each of them being 17i feet long; and their several breadths 
as follow, namely, two of 13i inches in the middle, one of 14^ 
inches in the middle, and the two remaining ones, each 18 inches 
at the broader end, and 111 at the narrower. 

Ans. £l 5s. 8d. 

Problem II. 


T-O find the solid content of sciuuTed or four-sided timber. 

Multiply the mean breadth by the mean thickness, and the 

product again by the length, and the last product will give the 
content. 


BY THE SLIDING RULE. 

C D D C 

.Is length ; 12 or 10 : quarter girt ; content. 

That is as the length in feet on C, is to 12 on D when the 
quarter girt is in inches, or to 10 on D when it is in tenths of 
eet30 is the quarter girt on D, to the content on C. 


TIMBER MEASURING. 
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Notk 1. If the tree taper regularly from the one end to the other, either 
lake the mean breadth, and thickness in the middle, or take the dimensions at 
the two ends, and lialf their sum for the mean dimension. 

Note 2. If the piece do not ta])er regularly, but is unequally thick in some 
parts and small in others ; take several different dimensions, add them all toge¬ 
ther ; and divide their sum by the number of tliem, for the mean dimension. 

Note 3. The quarter girt is a geometrical mean proportional between the 
mean breadth and thickness, tliat is tlie square root of their product. Some* 
times unskilful measurers use the arithmetical mean instead of it, that is half 
their sum; but this is always attended with error, and the more so as the 
breadth and depth differ tlie more from each other. 

1. The length of a piece of timber is IS feet 6 inches, the 
breatlfhs at the orcater and less end 1 foot 6 inches and 1 foot 

O 

3 inches, and the thickness at the greater and less end 1 foot 
3 inches and 1 foot : required the solid content. 


Di'cini.ils. 


Duodecimals. 

1-5 


1 

6 

1 -25 


1 

O 

O 

2) 2-75 


2)2 

9 

1-3-75 

mean breadth 

1 

4 6 

1-25 


1 

3 

1-0 


1 

0 


2)2-25 2)2 3 


M25 

mean depth 1 

1 

6 


1-375 

mean breadtli 1 

4 

6 


5625 

1 

1 

6 


7875 


4 

6 


3375 



6 

9 

1125 





1*546875 

1 

6 

6 

9 

18-5 

length 18 

6 



7734375 





12376000 

27 

10 

1 

6 

1546875 


9 

3 

4 

28*6171875 

content 28 

7 

4 

10 


BY THE SLIDING RULE. 




B A 

B A 




A.8 1 : 

: r 16^ : 22 3, the mean snnai-e. 


C D 

C D 




A.S 1 • < 

?? 223 : 14*9, quarter girt. 



< D 

n ^ 




As IS* 

: * 14*9 : 28*6, the content. 
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241 j A**" of timber, whose lenMhis 

24, feet, and the mean breadth and thiekness each 1 -04 feet? 

20 * 38 timber,1rhose1e{g<h i, 

being 19|^, and the side of the less 9-|- inches ^ ^ 

O 

. i> *11 Ans. 29*76 feet. 

is 27-36Tr of the piece of timber, whose length 

s 27 36 fett; at the greater end the breadth is 1-78 and the 

thickness list; 0"<i 

Aruf. 41-278 feet. 

Problem III. 

10 find the solidity of round or unsquared timber. 

Rule I., or common rule.— Multiply the square of the 

quarter girt, or of \ of the mean circumference, by the length 
for the content. ^ o * 

BY THE SLIDING RULE. 

1 ''’0 io"?'!' upon C : 12 or 10 upon D ; : quarter girt, in 

12ths or lOths, on 1) : content on C. 

form^rPrli i''0!^ tapering, take the mean dimensions as in the 

rately: or else, add all the girts together, and divide the sum by the number 
of them, for the mean girt. ^ uumwcr 

^ commonly used, gives the answer about i less 

an the true quantity in the tree, or nearly what the quantity would be after 

the tree is hewed square in the usual way; so that it seems intended to make 

an allowance for squaring the tree. When the true quantity is desired, use the 
^iid Kule given below. 

EXAMPLES. 

1. A piece of round timber being 9 feet 6 inches long, and itf 
mean quarter girt 42 inches ; what is the content ? 


Decimals 
3-.') 
3.5 


quarter girt 


Duodecimals. 
3 6 

3 6 


175 

105 

12-25 

9-5 

tl-^b 

1102J) 

116-.375 


lengt,h 


10 

6 

1 

9 

12 

3 

9 

6 

110 

3 

6 

1 


oonieiit 


116 


6 


a 
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BY THE SEEDING RULE. 

CD DC 

As 9’.5 : 10 : : 35 : 116^ 

Or 9’5 : 12 : : 42 : 110^ 

2 . The length of a tree is 24 feet, its girt at the thicker end 
14 feet, and at the smaller end 2 feet; required the content. 

Ans. 96 feet. 

3 . What is the content of a tree, whose mean girt is 3*15 

feet, and lengil4J4 feet 6 inches ? Ans. 8 9929 feet. 

4. Required the content of a tree, whose length is 17^^ feet, 

which girts in five different places as follows, namely, in the 
first place 9*43 feet, in the second /■92, in the third 6’*15, hi the 
fourth 4’74, and in the fifth 3*16. Ans. 42*5195. 

Rule II. — Multiply the square of ^ of the mean girt by 
double the length, and the product will be the content, very 
near the truth. 

BY THE SLIDING RULE. 

As the double length on C : 12 or 10 on D ; : ^ of the girt, 
in 12th8 or lOths, on D : content on C. 

EXAMPLES. 

1 . What is the content of a tree, its length being 9 feet 6 
inches, and its mean girt 14 feet? 


Decimals. Duodecimals. 


2*8 

i of girt 

2 

9 

7 

2*8 


2 

9 

7 

224 


5 

7 

2 

56 


2 

1 

3 




I 

8 

7*84 





19 







7 

10 

1 

7056 


19 



7S4 





148*96 

content 

i48 

11 

7 


BY THE SLIDING RULE. 

c D D c 

A.S 19 : 10 : : 28 : 149 

Or 19 ; 12 : : 33^^ : 149 

2. Required the content of a tree, which is 24 feet long and 
•Man girt S fret. Ans. 122*88 fssL 


so 


ARTIFICERS' V^ORR. 


3. The length of a tree is 14| feet, and mean girt 3*15 feet 

«vhat IS the content ? Jns 11-51 feet. ‘ 

4. The length of a tree is 17j feet, and its mean girt 6*28; 

what IS the content? /tns. 54’425 feet. 

See Table for measuring timber, with examples, p. 139. 


ARTIFICERS’ WORK. 

Artificers compute the contents of their works by several 
different measures. 

As glazing by the square foot. 

Painting, masonry, plastering, paving, &c., by the yard of 9 
square feet. 

Flooring, partitioning, roofing, tiling, &c., by the square of 
100 square feet. 

And brick-work, either by the yard of 9 square feet, or by the 
square rod of 2/2^ square feet, or 30^^ square yards, being the 

square of the rod of 16^ feet or 5^ yards long. 

As this number 272j is a troublesome number to divide by, 
the -y is often omitted in practice, and the content in feet divided 
only by the 272. But when the exact divisor 272;^ is to be used, 
it will be easier to multiply the feet by 4, and then divide suc¬ 
cessively by 9, 11, and 11. Also to divide square yards bv 301, 
first multiply them by 4, and then divide twice by 11. 

All works, whether superficial or solid, are computed by the 
rules proper to the figure of them, whether it be a triangle o» 
rectangle, a parallelepiped, or any other figure. 


BRICKLAYERS’ WORK. 

Brick-work is usually estimated by the rod at the rate of a 
brick and a half thick; so that if a wall be more or less than this 
standard thickness, it must be reduced to it, as follows: Multiply 
the superficial content of the wall by the number of half bricks 
in thickness, and divide the product by 3. And to find the su¬ 
perficial content of a wall, multiply the length by the height in 
feet, and divide the product by 272, for the content in rods. 

Chimneys are by some measured as if they were solid, deducting 
only the vacuity from the hearth to the mantel, on account of the 
trouble of them. 

411 windows, doors, &c., are to be deducted out of the contents 


BRICKLA\KRS’ WORK. 


81 


■)f the wall in which they Rre placed, and a distinct charge must 

be made for window heads, sills, quoins, &c. 

A rod of brickwork of standard thickness contains about 305 
cubic feet, and 4,500 bricks, making due allowance for mortal 
joints, &c. Assuming the cost of bricks at the kiln to be 36«. 
per thousand, the cost of bricks per rod will be 36#. x 4y = 
£8 2#. The cost for building a rod of brickwork may be taken 
at 36«. The cost of cartage and mortar varies with the locality 
of the building, this may be taken to average about 20#. per rod. 
These items being collected, there results— 

£ 8 . ( 1 . 

Cost of bricks . . . . _ 8 2 0 

Cost of labour . , . - 1 16 0 

Cost of cartage and mortar . . 1 0 0 

10 18 0 

Profit at 10 per cent . . .= 1110 

Cost per rod . . .= 11 19 10, or ^*12 

per rod. 

fiJoTE.—The student must, of course, make his estimation according to the 
locality of the building, this being only a specimen of the method adopted by 
intelligent architects and builders. 

EXAMPLES. 

1. How many rods of standard brickw'ork are in a wall whose 
length or compass is 57 feet 3 inches, and height 24 feet 
6 inches ; the walls being 2^ bricks, or 5 half bricks thick ? 

Decimals. Duodecimals. 



5 7 • 25 


57 

3 



24-5 


24 

6 



28625 


234 

0 



22900 


114 




11450 


28 

7 

6 


1402-625 


1402 

7 

6 


5 

half bricks 



5 

3 

7013-125 

3 

7013 

1 

6 

272 

% 

2337-708 

square feet. 272 

2337 

8 

6 


8*594 rodi. 

Sr. 

161/C S' 

6" 


2. A triangular gable is raised 1 1\ feet high, on an end wall 
whose length is 24 feet 9 inches, the thickness being 2 bricks; 
required the reduced content in square yards. Am. 32*081 yd*. 
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3 The end wall of a house is 28 feet 10 inches lone, and 55 
feet 8 inches high to the eaves. 20 feet high is 2^ bricks thick 

other 20 fea high IS 2 bricks thick, and the remaining 15 fert 

? K 1 * ^ ^ triangular gable of 

1 brick thick, which rises 42 courses of bricks, of which everv 

lour courses make a foot. What is the whole content, and cost 

at ^612 per rod ? Ans ' 2**®’018 yards, or 8*199 rods. 

* f Cost £98 7s. 9d. 



MASONS’ WORK. 

To masonry belongs all sorts of stone work ; and the 
made use of is a square foot or square yard. 

Walls, columns, blocks of stone or marble, &c., are measured 

by the cubic foot, and pavements, slabs, chimney-pieces, &c., by 
the superficial or square foot. 

Cubic or solid measure is used for the materials, and square 
measure for the workmanship. 

In the solid measure, the true length, breadth, and thickness, 
a,re taken, and multiplied continually together. In the super¬ 
ficial, there must be taken the length and breadth of every part 

of the projection, which is seen without the general upright face 
of the building. 

The cost of stones for walling varies with the locality, as 
already noticed in bricklayers’ work. 

A square yard of rubble walling 2 feet thick weighs 1^ tons, 

and assuming the cost of rubble stones at the quarry to be 6d. 

per ton, the cost of cartage 1«. per ton, the cost of mortar 4'd., 

and^ that of labour la. 8d. per square yard, we shall have the fol¬ 
lowing 

Estimate for a square yard of rubble walling 2 feet in thickness. 

s. d. 


Cost of materials 
Cost of cartage 
Cost of labour 
Cost of mortar . 


la. 


X 

X 


1 } 

14 


0 7i 

1 3 

1 8 
0 4 


Profit at 10 per cent . 
Total cost per square yard 


3 104 


0 


4i 


4 3 


An additional charge must be made for quoins, window heads 
and sills* when used in houses constructed of rubble work : also, 
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when the fronts of houses are constructed entirely with Ashler 
work, a separate estimate must be made for it. Ashlers usually 
average 9 inches in the bed, this width must, therefore, be de¬ 
ducted from whole width of the wall, and the remainder estimated 
as rubble work, to which the additional cost at the quarry, and 
of hewing the ashler, must be added. 

EXAMPLES. 

1. Required the square yards and cost of a rubble wall of the 
specified thickness, the length of whicli is .'S.S feet 6 inches, and 
the height 12 feet 3 inches, at 45. Srf. per square yard. 

53*5 X I2‘2.o -r- 9 = 72’82 square yards, 
and 72’82 x 45. 3d. = 9s. .'^^d. cost. 

BY THE SLIDING RULE. 

R A BA 

9 : .53j : : rij : 72f square yards. 

2. Required the value of a marble slab, at 85. per foot; the 
length being .5 feet 7 inches, and breadth 1 foot 10 inches. 

A ns. £4 1 5 . lO^f/. 

3. In a chimney piece, suppose the length of the mantel and 

slab, each.4 ft. G in. 

breadth of both togethei .32 

length of each jamb . ,44 

breadth of both together . . .19 

required the suf)erficial content. Ans. 21/Y. Win. 


CARPENTERS’ AND JOINERS’ WORK. 

To this branch belongs all the wood-work of a house, such as 
flooring, partitioning, roofing, &c. 

The large and plain parts are usually measured by the square 
of 100 feet; but enriched mouldings, and some other articles, 

are often estimated by running or lineal measure, and some things 
are rated by the piece. 

Joists are measured by, multiply the depth, breadth, and 
length all together, for the content of one joist; multiply that 
by the number of the joists. Note, that the length of the joists 
will exceed the breadth of the room by the thickness of the wall 

and |rd of the same, because each end is let into the wall about 
frd of its thickness. 

Partitions are measured from wall to wall for one dimension. 




carpenters and joiners^ work. 


»nd from floor to floor, as far as they extend, for the other, then 
multiply the length by the height. 

In measuring joiners’ work, the string is made to ply close to 
every part of the work over which it passes. ^ ^ ” 

In roofing, the length of the rafters is equal to the lenirth of 
a string stretched from the ridge down the rafter, and alone the 
eaves-board till it meets with the top of the wall. This length 
rnultiphed by the common depth and breadth of the rafters gim 

the content of one, and that multiplied by the number of them^ 
gives the content of all the rafters. ’ 


King post roofs, ^c., all the timbers in a roof are measured 

in the same manner as the 
joists, &c., in flooring. In the 
annexed figure, representing 
a truss for a roof, all the 
beams, as the tie-beam, king¬ 
post, braces, &c., are mea¬ 
sured to their full lengths, 

breadths, and thicknesses, in¬ 
cluding the lengths of tenons; also the parts cut out on each 

side of the king-post, to form abutments for the braces, are in¬ 
cluded ; unless their lengths exceed 2 feet each by 3 inches 
breadth, when their solidities must be deducted, pieces of smaller 

size, being considered of little or no value, are, therefore, included 
in the measurement. 



Kor stair-cases, take the breadth of all the steps, by making 
a line ply close over them, from the top to the bottom; and 
multiply the length of this line by the length of a step for the 
whole area. By the length of a step, is meant the length of 
the front and the returns at the two ends; and by the breadth, 

is to be understood the girt of its two outer surfaces, or the 
tread and rise. 


For the balustrade, take the whole length of the upper part 
of the hand-rail, and girt over its end till it meet the top of the 
newel post, for one dimension ; and twice the length of the 
baluster upon the landing, with the girt of the hand-rail, for the 
other dimension. 


For wainscoting, take compass of the room for one dimen¬ 
sion ; and the height from the floor to the ceiling, making the 
string ply close into all the mouldings, for the other dimension. 
—^Out of this must be made deductions, for windows, doors, and 
chimneys, &c. 

For doors, it is usual to allow for their thickness, by adding 
it into both the dimensions of length, and breadth, and then 
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multiplj them together I'or the area.—If tlie door be pannelled 
on both sides, take double its measure for the workmanship: 
but if one side only be pannelled, take the area and its half foi 
the workmanship .—For the surrounding architrave., girt it 
about the outermost part for one dimension, and measure over 
it as far as it can be seen ^vhen the door is open, for the other. 

Window-shutters, bases, ^'C., are measured in the same 
manner. 

EXAMPLES. 

I. Required the content of a lloor 48 feet 6 inches long, and 


21 fc 

et 3 inches broad. 





Decimals. 

Diiodecitiials. 



4S-.5 

48 

6 



241 

24 

o 



194 

204 

0 



970 

96 




12*12.5 

12 

1 

6 


11 76*12.5 feet 

1176 

1 

6 


IT7612,5 squares 

An.s. 11*76 

1 

6 


‘2. A floor being 36 feet 3 inches long, and 16 feet 6 inches 
broad, how many squares are in it? Ans. 5 squares ^%\feet. 

3. How many squares are there in 1/3 feet 10 inches in 
length, and iO feet 7 inches height, of partitioning? 

Ans. 18*3972 squares. 

4. What cost the roofing of a house at 10«. Qd. a square; 
the length, within the walls, being .52 feet 8 inches, and the 
breadth 30 feet 6 inches : reckoning the roof -I of the flat? 

Ans. £12 12s. llfd. 

5. To how much, at 6s. per square yard, amounts the wain¬ 

scoting, of a room; the height, taking in the cornice and 
mouldings being 12 feet 6 inches, and the whole compass 83 
feet 8 inches; also the three window shutters are each 7 feet 8 
inches by 3 feet 6 inches, and the door 7 feet by 3 feet 6 inches; 
the door and shutters, being worked on both sides, are reckoned 
work and half work ? Ans. £36 12s. 2\d. 

6. In a naked floor there are 2 girders, each 20 feet long, 
and 1 foot 2 inches by 1 foot; there are 16 bridging joists, each 
20 feet long, and 6-|- inches by 3; 16 binding joists, each 9 feet 
in length, and 8^ inches by 4 : 48 ceiling joists, each 6 feet 
long, and 4 inches by 2^ ; required the content in cubic feet. 

Ans. 144 cubic feet. 
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slaters* and tilers* work. 


What will the wainscoting of a room cost at 4a. per sonai. 

inw ’is 72^'feet“I‘H^h™'"’ <=o™'“ and tL iSuld- 

mgs, is 12 j feet and the compass i 25J feet; there are three 

r?eerbv1‘ fLT Th I 4 “.'**** ^ ^ 

/ teet by 3j feet; the door and shutters, being worked on both 
sides, are reckoned half work additional ? Am. £36 Os. 6|<^, 


SLATERS’ AND TILERS’ WORK. 

In these articles the content of a roof is found by multiply. 

^ \ “W 1 * A- I ^ eaves to eaves: 

making allowance in this girt for the double row of slates at 

the bottom, or for how much one row of slates or tiles is laid 
over another. 

When the roof is of a true pitch, that is, forming a right 

j breadth of the building with its half 

added, is the girt over both sides. 

In angles formed in a roof, running from the ridge to the 

eaves, when the angle bends inwards, it is called a valley ; but 
when outwards, it is called a hip. 

Deductions are made for chimney shafts or window holes. 


EXAMPLES. 

1. ^quired the content of a slated roof, the length being 45 
teet 9 inches, and the whole girt 34 feet 3 inches. 


Decimals. 

45/5 

34} 


Duodecimals. 

45 9 

34 3 


18300 

13725 

114375 


205 6 

135 

115 3 


9)1566-9375 feet 9)1566 11 3 

yards 174 104 174 ydf. 11'3". 

2. To how much amounts the tiling of a house, at 25s. 6d. 
per square; the length being 43 feet 10 inches, and the breadth 
on the flat 27 feet 5 inches, also the eaves projecting 16 inches 
on each side, and the roof of a true pitch ? Am. £24 9s. 5}d. 
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PLASTERERS’ WORK. 

Plasterers* work is of two kinds, namely, ^ ceiling, which is 
plastering upon laths; and rendering, which is plastering upon 
walls: which are measured separately. 

The contents are estimated either by the foot or yard, or square 
of 100 feet. Enriched mouldings, &c., are rated by running or 

lineal measure. ^ • j p 

Heductions are to be made for chimneys, doors, windows, xc. 

EXAMPLES. 

1. How many yards are there in a ceiling, which is 48 feot 
8 inches long, and 25 feet 6 inches broad ? 


Decimals. 

Duodecimals. 

43-25 

43 

3 

25^ 

25 

6 

21625 

221 

3 

8650 

86 


21625 

21 

7 6 

9) 1102-875 

9) 1102 

10 6 

yards 122*541 

Ans. 1 22 yds. 

4ft. 10' 6" 


2. To how much amounts the ceiling of a room, at lOef. per 

yard; the length being 21 feet 8 inches, and the breadth 14 feet 
10 inches? Ans. £\ 9s. 8|rf. 

3. The length of a room is 18 feet 6 inches, the breadth 12 

feet 3 inches, and height 10 feet 6 inches; to how much amounts 
the ceiling and rendering, the former at 8c?. and the latter at 3d. 
per yard; allowing for the door of 7 feet by 3 feet 8, and a fire¬ 
place of 5 feet square ? Ans. £l 13«. 3^. 

4. Required the quantity of plastering in a room the length 
being 14 feet 5 inches, breadth 13 feet 2 inches, and height 9 feet 
3 inches to the under side of the cornice, which girts 8^ inches, 
and projects 5 inches from the wall on the upper part next the 
ceiling; deducting only for a door 7 feet by 4. 

f 53 yds. 5 ft. 3 in. of renderiny 
Ans. N 18 5 6 of ceiling. 

39 0^ ofc<miee. 


Q 
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PAINTERS* AND GLAZIERS^ WORK. 

PAINTERS’ WORK. 


Painters’ work is computed in square yards. Every part is 

•ZTl colour lies; and the mLuring line Is 

into all the mouldings and corners. 

r""' ** ‘ is “sual ^ allo'* 

doub.e measure for carved mouldings, &c. 


r - V painting contains the room which is 

Oo feet 0 inches in compass, and 12 feet 4 inches high ? 

rp, , . ^ ^9 yards^Qfeet 10'. 

-. 1 he length of a room being 20 feet, its breadth 14 feet 6 

me les, and height 10 feet 4 inches; how many yards of painting 

are m it, deducting a fire-place of 4 feet by 4 feet 4 inches, and 

two windows each 6 feet by 3 feet 2 inches ? Ans, IZ^yds. 

\ U cost the painting of a room at Qd. per yard; its 
length bein^g 24 feet (i inches, its breadth 16 feet 3 inches, and 
height 12 feet 9 inches; also the door is 7 feet by 3 feet 6, and 
the window shutters to two windows each 7 feet 9 by 3 feet 6 
but the breaks of the windows themselves are 8 feet 6 inches 
igh, and 1 foot 3 inches deep; deducting the fire-place of 5 feet 
''y •’ feet 6 ? Am. £3 3s. \ Oid. 


GLAZIERS’ WORK. 

Glaziers take their dimensions either in feet, inches, and parts, 

or feet, tenths and hundredths. And they compute their work in 
square feet. 

In taking the length and breadth of a window, the cross bars 
between the squares are included. Also windows of round or 
oval forms are measured as square, measuring them to their 
greatest length and breadth, on account of the waste in cutting 


the glass. 


EXAMPLES. 


1. How many square feet contains 

fe«t long, and 2*75 feet broad? 

« 

Decimals. 

2-75 


the window which is 4 26 


Duodecimals 


2 

4 


9 
»* 

o 


11*00 

•6875 


11 


0 

8 


3 




11‘6875 




n 


8 


3 
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2. What will the glazing a triangular sky-light come to ai 

lOrf. per foot; the base being 12 feet 6 inches, and the perpen¬ 
dicular height 6 feet 9 inches? Ans. S] ISs. If a?. 

3. There is a house with three tier of windows, three windows 
in each tier, their common breadth 3 feet 11 inches; 

now the height of the first tier is 7 feet 10 inches, 

of the second 6 8 

of the third 5 4 

Required the expense of glazing at XAd. per foot. 

Ans. £13 11«. 1 O^d. 

4. Required the expense of glazing the windows of a house at 
13rf. a foot; there being three stories, and three windows in each 
story : the height of the lower tier is 7 feet 9 inches, 

of the middle 6 6 

of the upper 5 3 

and of an oval window over the door 1 10|- 

The common breadth of all the windows being 3 feet 9 inches. 

Ans. £12 5s. 6d. 


PAVIORS’ WORK. 

Paviors’ work is done by the square yard, and the content is 
found by multiplying the length by the breadth. 

EXAMPLES. 

1. What cost the paving a foot-path at 3#. 4d. per yard ; the 
length being 35 feet 4 inches, and breadth 3 feet 3 inches ^ 

Ans. Content 12 yards 6 feet 10'. Cost £2 2s. 6d 

2. What will be the expense of paving a rectangular court yard, 

whose length is 63 feet, and breadth 45 feet; in which there is 
laid a foot path of 5 feet 3 inches broad, running the whole 
length, with broad stones, at 3s. a yard; the rest being paved 
with pebbles at 2a. 6d. a yard ? Ans. £40 5s. 10|</. 


PLUMBERS’ WORK. 

Plumbers’ work is rated at so much a pound, or else by the 
hundred weight of 112 pounds. 

Sheet lead used in roofing, guttering, &c., is from 7 to IQlbs. 

to the square foot. And a pipe of an inch bore is commonly 
IS or 14 fbs. to the yard in length. 



arched and vaulted roofs. 



1 

end 


q u ^Wch is 39 feet 6 inches Iona 

n broad, at 8^ lbs. to the square foot ? 

Diodecimals. 


39*5 


3 ' 


39 

3 


6 

3 


118-5 

9-875 


128-375 

8i 



128 4 6 

H 


1027-000 

64-1875 


X 



1091-1872 Ans. 1091-^ iOs. 

1 J' covering and guttering a^roof with lead, at 

18«. the cwt.; the length of the roof being 43 feet, and breadth 
or girt over It 32 feet; the guttering 57 feet long, and 2 feet 

wide; the former 9-831 lbs., and the latter 7*373 lbs. to the 
square foot. ^ j j ^ j 


ARCHED AND VAULTED ROOFS. 

To find the concave surface of a circular, gothic, or elliptical 

vaulted roof 

Rule.—M ultiply the length of the arch by the length of the 
vault for the required surface. 

Note. The length of the arch, for most practical purposes, is found by 
applying a small cord along its concavity, and then measuring its length. 

EXAMPLE. 

TVhat is the concave surface of Caerfylly bridge, over the Taafe; 
which is a segment of a circle, span 140, height 35, and width 12 

Ans. \ 9 44'4 square feet. 

To find the content of a circular, gothic, or elliptical roof. 

Rule.— Multiply the area of the end by the length of the 
roof for the content of the vacuity. 

To find the solid content of the materials. 

From the solid content of the whole arch take that of the 
vacuity for the solid content of the materials. 

EXAMPLE. 

Required the solidity of the vacuity and of tlie materials of a 
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A ns. 


circular Tftult; span 36 feet, height 18 feet, thickness of walla 
at the spring 6 feet, thickness of crown 4 feet, and length of the 
»anlt 100 feet? 

f 1884 96 cubic yards solidity of vacuity. 

[ 2026'15 cubic yards solidity of materials. 

To find the surface and solidity of a dome, the height ana 

dimensions of the base being given. 

Rule. —Take twice the area for the surface, and multiply the 

area of the base by l^rd of the height for the solidity. 

Notb. Although these rules are only true when the domes are hemi¬ 
spherical, yet they are sufficiently near the truth for all practical purposes. 

EXAMPLE. 

Required the surface and solidity of a hemispherical dome, the 
diameter of its base being CO feet. 

{ Surface 028*32 square yards. 
Solidity 2094*4 cubic yards. 

Notb 1. The surface of a saloon is found in the same manner as a vaulted 
roof. 

Note 2. Rules might have been here given for the measurement of hay¬ 
stacks, coal-heaps, &c ; but these may be readily resolved into two or more 
of those solids, the methods of finding the content of which are given in the 
Mensuration of Solids, Part IV, Moreover, haystacks are usually sold by 
weight, and seldom or never by measurement. 


Ans. 


SPECIFIC GRAVITY. 

The specific gravity of bodies are their weights when com¬ 
pared with an equal bulk of pure water, which, at the tempera¬ 
ture of 40°, weighs 1000 ounces avoirdupois per cubic foot. The 
following table, therefore, contains the weights of a cubic foot ot 
several bodies in ounces. 


A TABI.R OK THE SPECIFIC GRAVITY OF BODIES. 


Platinum . 

• 

• 

21470 

Light earth 

• 

1984 

Gold 

a 

• 

19260 

Solid Gunpowder 

• 

1745 

Mercurv 

• 

• 

13600 

Sand 

• 

1520 

Lead 

a 

a 

11325 

Coal . from 1030 

to 

1300 

Silver 

• 

• 

10470 

Pitch 

• 

1150 

Copper 

• 

9 

9000 

Box-wood . 

« 

1030 

Cast brass 

• 

• 

8400 

Sea-water . 

m 

1030 

Steel 

• 

• 

7850 

Common water . 

# 

1000 

Iron 


m 

7704 

Mahogany . 

• 

1065 

Cast Iron 


• 

7065 

Oak . 

• 

925 

Tin 


a 

7320 

Ash 

• 

755 

Granite 

• 

* 

3950 

Ueech 

a 

700 

Flint Glass 

• 

• 

3000 

Elm . 

• 

600 

Marble 

• 

• 

2700 

Fir . 


540 

Freestone 

Clay 

• 

• 

# 

2500 

2160 

Cork . 

Air 

• 

A 

240 



• 

^KTtTiTi^K 


V 








LAND SURVEYING. 



To find the weight of a body from its bulk. 

Rule.—M ultiply the content of the body, in cubic feet 
Its tabular specific granty for its weight in avoirdupois ounces. 

EXAMPLES. 

1. Required the weight of a block of marble, whose length is 
63 feet and breadth and thickuess each 12 feet, being the dimen- 
sions of one of the stones in the walls of Balbec. 

63 X 122 X 2700 

16 X 112 X 20 ~ tons, which is equal to the 

burden of a second rate East India ship. 

If) 'I'-y which measures 

10 feet long, and 3 feet by 2* ? Am. 4336 lb. nearly. 

To find the magnitude of a body from its weight. 

Rule. Divide its weight in avoirdupois ounces by its tabular 
specific gravity for its content in cubic feet. 

EXAMPLES. 

1. Required the content of an irregular block of freestone, 
which weighs 1 cwt. 


and 


112 X 16 

2500 

112 X 16 X 1728 

2500 " 


cubic feet, 


1238'67 cubic inches. 


2. How many cubic feet are there in a ton of dry oak ? 

Ans. 38-l-|-| cubic feet. 

3 A cast iron pipe is 6 inches diameter in the bore and 1 inch 
in thickness; required the weight of a running foot. 

Ans. QlAblbs. 


LAND SURVEYING. 

Description of Instruments used for Measuring and 

Planning Surveys. 

THE chain. 

The chain, usually called Gunter’s chain, is almost generally 
used in the British dominions, for measuring the distances re¬ 
quired in a survey. It is 66 feet, or 4 poles, in length, and is 
divided into 100 links, which are joined by rings. The length 
of each link, together with half the rings connecting it with the 
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adjoining links, is consequently - 


66 r * 66x12 

of a foot, or-= / 92 


00 


100 


inches. At every tenth link from each end is attached a piece 
af brass with notches ; that at the tenth link has one notch, 
that at the 20th two notches, that at the 30th three, that at the 
40th four, the middle of the chain, or the 50th link being 
marked with a large round piece of brass ; hence, any distance 
on the chain may be readily counted. Part of the first link, at 
each end, is formed into a* large ring for the purpose of holding 
it with the hand. 

The chain acqtiires extension by much use, it should there¬ 
fore, be frequently examined, and adjusted to the proper length 
by taking out some of the rings between the links : for this pur¬ 
pose, chains having three rings between each link are to be pre¬ 
ferred to those having only two. 


THi; OFFSET STAFF. 

The offset staff is used to measure short distances, called offsets; 

^ 0 

hence its name. It is usually ten links in length, the links 
being numbered thereon with the figs. 1, 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of fixing 
it in the ground, as an object for ranging lines, for marking' 
stations, &c. 

THE GROS?, 

The cross is an instrument used by surveyors to erect pei- 
pendiculars. It is usually a round piece of sycamore, box, or 
mahogany, about four inches in diameter, with two folding 
sights at right angles to each other, or more commonly with 
two fine grooves sawed at right angles to each other, which 
answer the purpose of sights. It is sometimes fixed on a staff 
of convenient length for use, pointed with iron at the bottom, that 
it may be fixed firmly in the ground : but it is found more com¬ 
modious in practice to have a small pocket cross, which m,ay be 
readily fitted to the offset-staff, either by an iron spike on the cross 
being inserted in a hole made in the offset-staff, or the offset-staff 
being passed through a hole made in the cross, to about the 
eighth link from the piked end, at which place the staff must lie 
shouldered, that the cross may rest firmly. 

DIRECTIONS FOR MEASURING LINES ON THE GROUND. 

Besides the instruments already described, ten arrows must be 
provided, about 12 inches long, pointed at the end, so as to be 
readily pressed into the ground, and turned at the other end, so 
as to form a ring to serve for a handle 



measuring links on the ground. 

In using the chain, marks are to be set up at the extremities 
ot the line to be measured, as well as its intermediate points if 

ca,nnot be seen from one anol lier, on accoiuit 
ot hills, woods, hedges, or other obstructions. Two persons 
are then required by the surveyor to perform the measurement. 
Ihe chain leader starts with the ten arrows in his left hand 
and one end of the chain in his right; while the follower re* 
mams at the starting point, who, looking at the staff or staves, 
that mark the line to be measured, directs the leader to extend 
the chain m the direction of the staff or staves. The leader 
then puts down one of his arrows, and proceeds a second chain’s 
length in the same direction, while the follower comes up to the 
arrow first put down. A second arrow being now put down 
y the leader, the first is taken up by the follower; and the 
same operation is repeated till the leader has expended all his 
arrows, len chains, or 1000 links, having now been measured 
and noted in the field book, the follower returns the ten arrows 
to the leader, and the same operation is repeated as often as 
necessary. When the leader arrives at the end of the line 
the number of arrows in the follower’s hand shows the number 
of chains measured since the last exchange of ar¬ 
rows noted in the field book, and the number of 7000 

links extending from the last arrow to the mark or 600 

staff at the extremity of the line, being also added, 83 

gives the entire measurement of the line. Thus, if _ 

the arrows have been exchanged seven times, and 7683 
if the follower have six arrows, and from the arrow last put 
down to the end of the line be 83 links, the whole measurement 
will be 7683 links, or /6 chains 83 links, which is usually 

written thus 76 83 chains, the two last figures being decimals of 
a chain. 

In using the chain, care must be taken to stretch it always with 
the same tension, as it will extend by much use, and will there¬ 
fore require to be examined occasionally, and shortened, if neces¬ 
sary. But a good chain may be used several days on tolerably 
smooth ground, without any material extension. 

The surveyor must mark, or caused to be marked, every station 
on the line, while it is being measured, with a staff or cross on the 
ground, entering its distance in the field book. 

When a survey is made for a finished plan, all remarkable 

objects should be noted down ; as buildings, roads, rivers, ponds, 
footpaths, gates, &c. 

The boundary of the estate measured ought to be carefully 
observed. If the ditch be outside the boundary fence, it usually 
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belongs to the estate, and vice versd; although this is not uni- 
fonnly the case ; theretore, incjuiry ought to be made with re¬ 
spect to the real boundary. 

In some places five links from the hedge-post or roots of the 
ouickwood are allowed for the breadth of the ditch, but this 
breadth varies to as far as even ten links, especially in swampy 

countries. 

All ditches and fences must be measured with the fields to 
which they belong, when the full quantity on the plan is re¬ 
quired : but when the growing crops only are to he measured, 
only 80 much as is occupied by the crops. 


Instruments for Laying Down or Plotting Survey's. 

IHE COMMON DRAWING COMPASSES. 

This instrument consists of two legs moveable about a joint, 
80 that the points at the extremities of the legs may be set at 
any required distance from one another ; it is used to transfer 
and measure distances, and to describe arcs and circles. 

Note. There are several other kinds of compasses, used for planning, as 
those with moveable points, for the introduction of black lead pencils, or ink 
points, beam compasses for taking large distances, proportional compasses, 
&c., the uses of which are easily learned. (See Heather s Treatise on Mathe¬ 
matical Instruments.^ 

PLOTTING SCALES. 

Plotting scales, also called feather-edged scales, are straight 
rulers, usually about 12 inches long. Each ruler has scales of 
equal parts, decimally divided, placed on its edges, which are 
made sloping, so that the extremities of the strokes marking 
the divisions lie close to the paper. The primary divisions re¬ 
present chains, and the subdivisions ten links each, the inter¬ 
mediate links being determined by the eye. Plotting scales may 
be procured in sets, each with a different number of chains to 
the inch. They are usually made of ivory or box, and each pro¬ 
vided with a small scale called an offset scale for laying down the 
offsets. In using these scales, the first division or zero, on the 
plotting scale, is placed coincident with the beginning of the line 
to be plotted, and so as just to touch that line with the feather- 
edge : the end of the offset scale is then placed in contact with 
the edge of the plotting scale; and thus the offsets may be ex¬ 
peditiously pricked aff- for which purpose an instrument called 
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a pricker is used, but a hard black lead pencil with a fine noint 
IS gi-eatly to be preferred, as it does not injure the paper. ^ ’ 

1 he vernier scale and protractor, the uses of which will be 

best adapted to laying down extensive 
surveis, where great accuracy is required. (See Baker'a Land 
and Engineering Surveying, Weale's Series.) 


PLANNING SURVEYS. 

In planning or plotting surveys, the upper part of the paper 
or book, on which the plan is made, should always, if posMe 
be the north. The chain lines, buildings, fences, &c., ought 
first to be drawn with a fine black lead pencil: the first should 
len e dotted with ink, and the latter neatly drawn. Great 
care is required in the construction of the plan, when the dimen- 
sions are to be measured therefrom with the scale. The scale 
should never be more than three chains to an inch, for when the 
parts of a plan are large, the dimensions may be taken with 
greater accuracy After having found the content of the field or 
tields, &c., of which any plan consists, it may be laid down by 
any scale to give it a more convenient size. 


THE FIELD BOOK. 

The method now generally adopted in setting down field notes, 
ind which has long been found to be the best in practice, is to 
begin at the bottom of the page and write upwards. 

Lach page of the book is usually divided into three columns. 

1 distances measured on the chain line, 

at w ich hedges are crossed, or offsets, stations, or other marks 

are made; and in the right and left columns, those offsets, 

marks, and any other necessary observations thereon, must be 

entered, accordingly as they are' situated on the right or left of 
the chain-line. 

The crossing of roads, rivers, hedges, &c., are, by some sur¬ 
vey, ors, shewn in the field book, by lines drawn across the mid¬ 
dle column at the distances where they are crossed, and by 
others these crossings are shewn by lines drawn on part of the 
right and left hand columns, opposite the distances where they 
ai e crossed by the chain line; and buildings, turns of fences, 
corners of fields, to which offsets are taken, are usually shewn 

sltetclied. in a similar situation to the middle column, 
as the fences, buildings, &c., have to the chain line. Thus a re¬ 
presentation of the chief objects in the survey may be sketched 
in the field, which will give essential assistance in laying down 
the plan. The stations are usually numbered, for the sake 
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Of reference, and marked thus 0. The bearing of the first main 
line is usually taken by surveyors, from which the position of 
the plan with respect to the north is determined. This may be 
done by a common pocket compass, where great accuracy is not 

required. 

R. of G 2, and L. of G b, &c., denote that the following 
lines are measured to the right ol station 2, and to the left of 
>tation 5, respectively. 

Note. Another aj)provc<l and excellent nictliod of .soiling down the 
work is, to draw by the eye on a piece of paper, a figure resembling that 
which is to be measured ; and then write the dimensions as they are found 
against the corresponding part of the figure. This method may be prac¬ 
tised even io larger surveys, and is far superior to any other at present 
practised. 


To StTBVEY WITH THE ChAIN AND CeOSS. 


An acre of land is equal to 10 square chains, that is 10 chains 
in length and one in breadth, or 1000 links in length and 100 
in breadth; an acre, therefore, contains 100,000 square links, 
as per table of square measure below. Hence the contents in 
square links are, in the following examples, divided by 100,000, 
or what is the same thing, 5 figures to the right are cut off for 
decimals, the figures remaining on the left being acres. The 
decimals are then multiplied by 4 for roods, and again by 40 for 
poles. 

A TABLE OF LINEAR MEASURE. 


Links. 

Feet. 

Yards. 

Poles. ■ 



25 

16i 

5^ 

1 

Chains. I 


100 

66 

22 

4 

1 

Furlongs. 

1,000 

660 

220 

40 

10 

1 

8,000 

5,280 

1,760 

320 

80 

« , 


Mile 

J 


A TABLE OF SQUARE MEASURE. 


Sq. Links. 

Sq. Feet. 

Sq. Yards. 

625 

2724 

304 

10,000 

4,356 

484 

25,000 

i 

100,000| 

10,890 

1,210 

43,560 

' i 

4,840 


6 l. 000 . 00 ol 27 . 878 , 400 3,097,600 


Sq. Poles 
or Perches. 

1 


1 

Sq.Chs. 



16 

1 

Roods. 


40 


1 

Acres. 

ICO 

10 

4 

1 

102,400 

6,400 

2,560 

640 


Sq.Milo. 

1 
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Problem I. 


C 



triangular fields. 

1. Let A B C be a triangle, of which the sunev nkn nnJ 
content are required. plHn, And 

Set up poles or marks at the angles A B anrl P or .a 
sure from A towards B, and when It of neaV D Si wfth rT 
cross for the place of the perpendicular C D; plant the crost 

and turn it till the marks A 
and B can be seen through 
one of the grooves; then look 
through the other groove, 
and if the mark at C can 
be seen through it, the cross 
is in the right place for the 
perpendicular; if not, move 

. j a*ii au ai . cross backward or for- 

,1. three inarks can he, seen as before directed. Sup- 
pose the dis ance A D to be C25 links, and the whole A B, to 

nr I return to D, and measure the perpendicular 

D C, wh.ch suppose to be 628 links, thus completing the 
survey of the triangle. ^ ° 

CONSTRUCTION. 

From a^scale of equal parts, or plotting scale, lay off the 
base AB_ 12o/ links; on which take A D = 625 links; at 

4 r'n E‘^''l P"pendicular D C, which make = 628 links; join 
A C, C B, then A B C is the plan of the triangle. 

TO FIND THE CONTENT. 

RuLE.—Multiply the base by the perpendicular, and half the 
product will be the area. 


EXAMPLES. 

1. The dimensions being the same as found above, required 

the content. ^ 

Ans. 12.57 X 628 ^ 2 = 3 94698 acres = 3a. 3r. 31^p. 

2. The distance from the beginning of the base to the place 
of the perpendicular is 37.5 links, the whole base 954/and the 
perpendicular 246 ; what is the area of the triangle. 

954 X 246 -r- 2 = 1*17342 = la. Or. 27jp. the content? 

3. Measuring the base of a triangle the place of the perpen¬ 
dicular was found at 863 links, and its length 645; the whole 
base was 1434 links ; required the plan and area. 

Area. 4 a. 2r. 20p. 
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Problem H. 

FIELDS IN THE FORM OF TRAPEZIUMS. 

Fields in this form are usually divided into two triangles bl 
a diagonal, which is a base to both the triangles. 

Let A B C D be a field in the form of a trapezium, the plan 

and area of which is required. 

Measure from A towards C ; and let the place of the perpen¬ 
dicular B be at 5'52, and its length 3'76, also let the place of 
the perpendicular n D be at 11’82, and its length 3*44, and the 
length of the whole diagonal A C be 13*91 chains, winch com¬ 
pletes the survey : but it is usual also to measure the other dia¬ 
gonal B D for a proof line, whiclr. is found to be 9*56 chains. 

Note 1. The construction of each of tlie two triangles, forming the trape¬ 
zium, is the same as the construction given to the first example in Prob. 1. 

Note 2. The longer of the two diagonals should always be selected for the 
base of the two triangles forming the trapezium, for sometimes the perpen¬ 
dicular will not fall on the shorter diagonal, without its being prolonged; and 
when this is the case with both diagonals, one of the sides may be taken for 
a base, or two of the sides, if necessary. 

TO FIND THE CONTENT. 

Rule. —Multiply the sum of the two perpendiculars by the 
diagonal, and half the product will be the content. 

EXAMPLES. 

1. Let the measurement of a trapezium be as above found, 
required the content. 

344 

376 


720 

1391 


27820 

9737 


2) 10*01520 


5*00760 

4 


0*03040 

40 


l‘3160C 





Ans. 5a. Or, 
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2. From the following liotes, plan and find the 
field. 


content of 


Perpendiculars 

on left. 

Base or 
Station Line. 

Perpendiculars 

on right. 


1 

to 0 C 

3250 



2504 

1046 D 

B 1278 

1272 


Begin 

at 0 A 

and range West. 


Content. 3/a. 3r. 

3. Give the plan and area of a field from the following notes 


B 652 
Begin at 


A C 
872 
731 
423 

0 A 


545 C 

and range East. 

Area. 5«. Or. 35^. 


ANOTHER METHOD. 

A four-sided field may frequently be surveyed by dividing it 

into two^ triangles and a trapezoid, by perpendiculars on its 
longest side. 


TO FIND THE CONTENT. 

sum of the two perpendiculars by their 
distance on the base line for the double area. The double areas 
of the two triangles must be found as in Prob. I., and both be 

added tO the double area of the trapezoid ; the sum being divided 
by 2, will give the content required. 

EXAMPLES. 

1. Required the survey and area of the following field. 

Measure the base A B, and put down in the field book the 
distances of P and Q, where the perpendiculars rise, &c., as 
follows:— 
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rrianjrle ACP 

352 

110 


Triangle QDB 
595 

3.52 == QB 


2841 

5682 


38720 

1190 

601345 


2975 

209440 


1785 

38720 

1097 

745 

209440 

2)849505 


4,24752 5 

352 = QB 


4 

•99010 


Trapezoid P C D Q 

745 

352 1 

595 } P^^'P- 

110 


635 

947 sum. 

635 = l^Q 


4735 

D 


PQ 



40 


39,60400 

_301 

1812000 

15100 

Area. 4,;. Or. 3/r IMyfl'.T. 18.27100 

2. Required the plans and areas of two fields from the fol¬ 
lowing notes. 



A B 
1169 



A B 

1448 


i: 

G1.5 

339 I) 

D 513 

1102 

E 

G 

234 

461 E 

C 683 

436 

G 

From 

O A go 

_ 0 

W. 

From 

O A 

1 

_J 

go E 


Problp;m III. 


K) SURVKY FIELDS CONTAINED BY MORE THAN FOUR 

SIDES. 

Fields or plots ground bounded by more than four sides, 
may be surveyed by dividing them into trapeziums and tri¬ 
angles.- Thus, a field of five sides may be divided into a tra¬ 
pezium and a triangle; of six sides, into two trapeziums; of 
seven sides into two trapeziums and a triangle ; &c. 

TO FIND THE CONTENT. 

Rule.—B y the two last Problems, find the double areas of 
each trapezium and triangle in the field; add all the double 
areas together, and half their sum will be the content. 

EXAMPLES. 

1. Lay down a field and find its area from the foUowbg 
dimensions. 
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to Q G 
440 
152 

li. of* Q C 


to O C 
550 
410 
135 

at O A 


130 G 
range E. 




CONSTRUCTION. 

The above field is divided into two trapeziums A15 C G, G D E F 

^ GCD. Draw the diagonal A C, which make 

~ 135 and 410 set off the perpendiculars mC = 

130, and « B = 180 links respectively; join AB. BC, CG, and GA, 
and^he first trapezium will be completed. Then on CG, lay off 
n n" 152, and draw the perpendicular 9 D = 230; join CD, 
and the triangle is completed* Lastly, with centre G and 
radius o G = 120 describe an arc; and with centre D and radius 

0 U = 314 (= 520—206) describe another arc, intersecting the 
former in o: through o draw the diagonal DF = 520 links, upon 
which, at 288 links, draw the perpendicularE; join DE, EF, 
FG, and the figure will be completed. 

440 120 Double areas. 

230 80 170500 trap. ABCG 

- - 101200 tri. CDG 

13200 200 104000 trap. DEFG 

880 520 _— 

-- - 2)3-75700 

101200 I04000 - 

1*87850 — la. 3 r 


130 

180 

310 

550 

15500 

1550 


170500 
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2. Required the plan and areas of two fields from the follow* 
ing dimensions. 

First Field. Second Field. 



to O A 


to O F 



504 

Base 

970 

Diag. 

E 98 

233 


520 

181 B 

Return 

to 0 B 

E 290 

413 


1 

1 



R. ofO D 


1 

1 

to O D 





673 

Diag. 

to O D 


C 207 

472 


744 

Diag. 


427 

268 B C 161 

386 


Begin 

at O A 

range W. 

303 

333 B 


— 

Begin 

at O A 

range \V 

Area. \a. Sr. 15». ' 





Area. 

4a. Or. 

1 9 1 p. 


anothkr method. 

A small piece of land, having several sides, may sometimes 
be most conveniently measured by taking one diagonal, and 
upon it erecting perpendiculars to all the angles on each side of 
it. The piece will thus be divided into right angled triangles 
and trapezoids, the areas of which must be calculated as in the 
two last Problems. 


EXAMPLES. 

I. Required the plan and area of a field from the following 
notes. 



to e G 
1020 

1 

F 470 

890 

/ 

e 

610 

50 E 

D 320 

585 

d 

C 70 

440 

c 

b 

315 

350 B 

Begin 

at O A 

go E. 


F 



Notb. The method of planning the above field is sufflcientlT clear, from the 
precediof fidd^notes, and from what has been already done. 
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Tnangle A o’ c. 
A e = 440 

C c = 70 


30800 


Trape. 

D d : 
Cc : 


sum 
c d 


C c rfD. Trape. D df F.l Tri 

= 320Drf = .320^0: 
= 70 F/ = 470fF/: 


390 sum 

145 df 


790 

305 


P/G. Tri.AiB 
= 130 A 5 = 315 
470B 6 = 350 


13050 

435 

56550 


3950 
2370 


240950 


9100 

52 
61100 


15750 
945 

110250 


Trapezoid 

B d = 

E e = 


B 6 eE 
350 
50 


Triangle 

G e =z 
Ee = 


E e G 
410 
50 


sum 
If e 


400 

295 


20500 


118000 


Double areas 
30800 
56550 
240950 
61100 
110250 
118000 
20500 


2)638150 
3-19075 


3a. Or . 30-^. Area. 


Problem IV. 


FIELDS INCLUDED BY ANY NUMBER OF CROOKED OR 

CURVED SIDES. 

When a field or estate is bounded by crooked fences, a line 
must be measured as near to each of them, as the angles or 
bends will permit; m doing which an offset must be tfken to 

TT'/' ' u" perpendiculars 

thus erected, will divide the whole offset space into right angled 

already^she^ trapezoids, the areas of which may be found as 

Note 1- When the offsets are short, that is, not greatly exceeding a chain 
in jeagth, their places on the line may be found by laying the offset-staff at 
right angles to the chain, as nearly as can be judged by the eye; but when the 

their places must be found by 
the cross, and measured by the chain. uuuu uj 

quickest method of laying down offsets, is, by laving the 

th? If ^ Plotting scale against the base or chain line, and sliding 

the offset scale along the feather edge to the several distances of the olReti; 

and pncking off their lengths, correspending to their several distances. 
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Noth 3. Unskilful surveyors usually add all the offsets taken on one line 
together and divide the sum by their number for a mean breadth; but this 
method is very erroneous, especially where the offsets vary greatly in length 
and should therefore be avoitied where great accuracy is required. 


EXAMPLES. 

1. Required the plan and content of a right-lined piece of 
ground by offsets, from the following notes. 


o 

H 91 

m hi 

I 88 
k 70 
i 84 

h 62 

o 


to OJ R 

955 

785 

634 

510 

340 

220 

45 

00 


h 

9 

f 

€ 

d 

C 



Beirin 

CJ 

at 

O A 

range 

E. 


K c — 

45 

c h 

= 62 

di - 84 

e k = 10 

t h = 

62 

d i 

= 84 

e k ~ 10 

fl = 88 


90 


146 

154 

158 

270 

c d -- 

= 175 

de — 120 

o 

II 

2790 


730 

18480 

11060 




1022 


158 




146 





■ 



26860 



25550 




f I 

(j m 


f9 


88 

57 


145 
= 124 

580 

290 

145 

17980 


9 *n 

= 57 

h' B 

= 170 

h! n 

= 91 

A' n 

= 91 


148 


170 

gh = 

= 151 

n 

1530 


148 


15470 


740 

148 


Donble areas. 

2790 

25550 

18480 

26860 

17980 

22348 

15470 


2) 1*29478 


22348 


0*64739 = 0«. 2r. 33f». 
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erroneous 


00 

62 

84 

70 

88 

57 

91 

00 


955 

56 ^ 

5730 

4775 

477 

0-53957 


A B. 

mean breadth. 


8)452 

561 


Oa. 2r. 
which 


6 /?. 

is 17 


Content by this methodj 
perches too little. For 


this method is always erroneous except 
when the offsets stand at equal distances 
from one another, and when the first 
and last offsets are both 0. 

Some omit all the offsets that are 0, dividing the sum of thp 
offsets by the number of real offsets; by this method we shall 


6 ) 452 


754 


955 

_ ^ 

4775 

6685 

318 

0-71943 


Oa. 2r. 35^., which is 12 poles 

too much. 


thews'"■* 



to 0 F 
720 
600 
500 
350 
200 
100 

000 I [E. 
I at 0 A I range 


ITie content is found by the 
eiample. 


same method as in the preceding 
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8 . Plan and find the area of a field from the subjoined notes. 

to O A. 

0 480 

37 350 

28 160 

0 000 

L. of O C 

to o c 

58.5 0 

450 57 

320 40 

200 72 

100 47 

000 0 

L.ofGB 

Having fomifl tlio area of the triangle A B C, ihe areas of the 
offsets on the line B C must be added thereto, and the sum of the 
areas of the inlets on the line C A must be subtracted from the 
sum, and the remainder will be the content of the field. 

Not*. The area of the triangle ABC may be fo'-nd, when the measurement 
of all three sides are given, (which is the case in the present example,) eithet 
hy calculation, as shall hereafter be shewn, or l»y measuring the perpendicular 
from the plan, which, as already shewn, may be laid down from the three sides 
of the main triangle.— The areas of fields, having a great number of crooked 
and carved fences, are found by the method given in the last Example, page 51. 

Problem V. 

TO MEASURE A LINE ACROSS A WIDE RIVER. 

Let the annexed figure be a river, which 
is required to be crossed by the chain line 
P B. Fix, or cause to be fixed, a pole or 
mark at B, at or near the margin of the 
river, in the line to be measured; erect 
the perpendicular A D, measuring A C 
and C D of any equal lengths; at D erect 
the perpendicular D £; on arriving at E, 
in the direction B C, the distance D E will 
be equal to A B, the required breadth of 
the river. 


to G B 
743 

C 382 2‘JO p 

From G A go E. 
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,L of the lines in the figure, it is evifien. 

, . A sufficient detail of rnethods of surveying bv the heln of th#* 

jjroper ia.roduc.io^ to the highe/ b^cTe^f^^ e^ng” 

mg crops, and other such small surrey, as may be therfreS 


LAND SURVEYING BY THE CHAIN ONLY. 

This method of surveying has long been adopted bv exneri- 
enced surveyors, vvlio have found it, in general.'^more^accLte 
and expeditious, as well as better adapted to laying down ex- 
tensive surveys especially where no serious obstructions from 
woodlands, water, buddings, &c., exist; the use of the cross, in 
this method, being entirely excluded by some surveyors, and 
by others only used for secondary purposes, as for taking oc¬ 
casionally long offsets, or for squaring of lines obstructed by 
uildings, vrater, &c. Instead of the cross some use the optical 
square tor these purposes ; while some erect perpendiculars with 

the chain only. See Chap. III., Baier’s Land and Engineering 

Purveying. ^ 

Problem I. 


TRIANGULAR FIELDS. 

When a triangular field, or piece of ground in that shape, is 
to e surveyed, set up poles or marks at each corner, and mea¬ 
sure each side, leaving marks in at least two of the lines, and 
entering their distances in the field book; then measure the 
distance between the two marks for a proof lineor, one 

mark only may be left in one of the lines, which may be con¬ 
nected with its opposite angle for a proof line. 


EXAMPLES. 

1 . Required the construction and area of a field from the fol- 
lowing dimensions. 
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1 

\ 

\ 

1 

to © n 

Proof 

384 

From ! 

© nt 


to 0 A 

1 

1 

1244 

© n 

700 

L o (; 


to 0 (' 
852 

L © R 


to O B 


1338 


1000 

0 m 

600 

From 

© A 



Range E. 


C 



When the triangle A R C is 
constructed, the proof line m n 
will be found to measure 384 
links, shewing that there has 
been no error in the work: 
also the perpendicular C D will 
oe found to be 770 links , 
whence the area of the triangle 
= 1338 X 770 2 =.5*15130 

= 5a. Or. 24;>. the area. 


Note. If the proof line measured from the plan does not exactly, or very 
nearly, agree with that measured in the field, some error has been made, and 
the work must be repeated. 


TO FIND THE AREA OF A TRIANGLE FROM THE THREE 

SIDES. 

Rule.— From half the sum of the three sides subtract each 
side severally and reserve the three remainders; multiply the 
half sum continually by the three remainders, and the square root 
of the product will be the area. 

Note. By this rule the area of a triangle may be found without laying it 
down, or finding the perpendicular. 


Adopting the preceding example, we have by the rule, 

1338 + 852 + 1244 ^ r .u a -i 

--—-— = 1717 = half sum of the three sides. 

Then 1717 - 1338 = 379 = 1st remainder; 1717— 852 = 
865 = 2nd remainder; 1717 — 1244 = 473 = 3rd remainder* 
whence V(1717 x 379 x 865 x 473) =5-15992 = 5a. Or. 25\p. 
the sum as the area already found by measuring the perpendicular 
from the plan. 


Note. This method of finding the areas of triangles is very little used in 
practice, on account of its requiring a tediotts calculation, which may, however, 
be more readily performed by logarithms. 

2 . It is required to lay down a survey and find its content from 
the following field notes. 
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C 



Having drawn the figure, the proof line m n will be found 

to measure 351 links, as in the field notes ; and the perpen* 
ficular B 6 to be 1056 links. 

Double areas. 

2644224 Triangle A B C 
655676 Offsets on A B and A C 

3299900 Sum 
200616 Insets on B C 

2)3099284 Difference 

15*49642 = 15a. 2/*. Op. nearly, the area reouired. 








LAND SURVEYING BY THE CHAIN ONLY. 


Ill 


Problem II. 

FOUR SIDED FIELDS. 

When a field has four sides, straight or crooked, measure the 
four sides, or lines near them, if crooked, taking the offsets: 
also measure one or both the diagonals, one of which will serve 
as a base in plotting the work, and the other for a proof-line ; 
or the proof-line may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is pre¬ 
vented by obstructions, in such cases it will be sufficient to 
measure tie-lines across tw'o of the angles of the trapezium, at 
the distance of from two to five chains from each angle, ac¬ 
cording to the size of the field. These tie lines with their dis¬ 
tances from the angles on the main lines will be found sufficient 
for planning the lines and proving them. 

EXAMPLK. 

In the annexed figure the 
lines A B, B C, CD, DA are 

measured, marks being left at 
qy and r, and their respective 
distances on the lines noted in 
the field book, thus furnishing 
the following method of laying 
down the plan. 

On A B, as a base, take A p 
= given distance, and with the 
distances A r, r, and centres 
A and p describe arcs cutting in 
r; then prolong A r, and lay off 
thereon the given length A D. 

In the same manner construct 
the triangle p^q, and make B C = its given length. Lastly, 
join D C, which must be of the length shewn in the field book, 
otherwise there has been some mistake either in the measure¬ 
ment, or in laying it down. Should this be the case, the whole 
of the work, firstly on the plan, and secondly in the field, must 
be gone over again till the error be discovered. 

Problem III. 

FIELDS HAVING MORE THAN FOUR SIDES. 

Various methods will suggest themselves to the surveyor for 
taking lines to lay down a field that requires more than four 
main lines to take its boundary. The method of dividing such 
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fields into trapeziums and triangles is, in most case, elre..:i 
and displays little skill on the part of the esnSu 

be presented to direct the student; although their’ varietl oi 
s ape IS so endless, that no general rule can be given for lavinir 

CooimUsions. The student is 'reremraded to KcMbr^o *•' 
mens on a large scale, and find their contents “hetsta tSr* 


EXAMPLE. 

Here a field of five 
sides is surveyed by 
the same number of 
lines, viz. A B, B C, 
C D, D jn, and A n, the 
last two intersecting 
in E. These lines 
e\idently constitute a 
decisive proof among 
themselves, and all of 
them are available in 

r • ai • .c T j V , taking the boundary, 

if 1 (poles or natural marks being supposed 

to be fixed at B, C, 1), and E) commence close to the river’s 
edge, in the line A B prolonged backwards, enter the offsets and 
the station A in the field-book. On arriving at0 m, in the 
direction ED enter its distance, and so on to © B, measuring 
the hue to the fence ; from B proceed to C, in like manner, 
measuring beyond the station to the fence. The place of the © 
n IS to be noted, on arriving in the direction E A, while mea- 
suring C D. D m is next measured, the place of the © E being 
noted. Lastly, go from m to A, and measure A n, entering the 

p ace of the O E a second time, all the offsets being supposed 
to be taken during the operation. 

Construction of the plan. Select the distances A tw, A E, and 
E tn from the field-book, and with them construct the triangle 
A m E, prolong the sides to their entire lengths, up to tbo 
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oounduries, and fix the places of tlie stations B, n, and D. 
Now, if the measured length of D n just fit between D and n, 
thewcrk is right with respect to the triangles A Em, E D n. 
Lastly, prolong D n to the © C, and, if the distance from thence 
to the 0 B be the same as shewn by the field book, the whole 
of the work is right. But, if the distance D n do not agree, the 
work must be examined from the beginning; if only tbe distance 
BC fail, then only that distance and the portions mB,C n need 
be examined. 

Notr. F or a variety of otlier methods of surveying irregular fields, small 
estates, Ate., Ate., see liokor's Land and Eui/ineerivg Snrveyiny, Chap. III. 


PROBLE.M IV. 

SURVEYING LARGE ESTATES OR PARISHES RY THE CHAIN ONLY. 

Having perambulated the boundary of the estate, parish, or 
lordship to be surveyed, if you find that its boundary approaches 
somewhat near to that of a four-sided figure, or trapexinm, the 
fystem of fundamental lines, adopted by order of the Tithe 
Commissioners of England and Wales, is to be preferred. 
These fundamental lines are six in number, of which four must 
Tun close by, or as nearly as possible to, the boundary in question, 
thus forming a trapezium, four lofty station poles being placed at 
each angle, as objects for running the lines ; the other two lines 
must form the diagonals of this trapezium, and therefore pass 
through the central parts of the survey, intersecting each other, 
the points of intersection being noted on measuring each line, so 
that when the system of lines are laid down on the plan, the 
proof of the accuracy of the work may be fully established, before 
the minor operations, or filling up, as it is called, is commenced. 
It will be necessary, moreover, in almost every case, to range the 
lines between every two of the main stations with long slender 
ranging poles, as the intervention of hills, fences, trees, buildings, 
&c., will frequently interrupt the view of even the loftiest station 
poles that can be obtained; and more especially so, when the 
main stations are at a great distance, which depends on the mag¬ 
nitude of the surv'ey, and is sometimes as much as ten miles. 
In measuring these main lines, every fence, road, stream, build¬ 
ing, &c., which is passed or crossed must be noted in the field 
book, the several crossings, and bends being sketched therein, 
to the latter of which offsetts must be taken. Stations must 
also be left on these main lines, at convenient situations for taking 
the interior fences, &c., of the survey, and their distances care- 
fiiUy noted in the field book. From and to the stations, thus 
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left, or from *nd to points near them, secondaiy lines must be 
run, as near the interior parts of the survey as posfible, the 
ings, offsets, arid other remarks being made in the field book a* 

SMon‘!h,r‘^‘"r‘^^ of the main lines. 'lieee 

hus forming a net work of small triangles within the fcur W 

, rprinciple of proof is founded on the obvious 
property of triangles having a common angle always fitting one 

within another, the common angle of both bei4 coincfdent 
The lines marked with the figures 1 to 6, represent the system 
in question, those without figures are the secondary lines. 



The main lines are numbered with the figures 1, 2, 3, &c., in 
small circles, as the most convenient method of reference to the 
field book: the secondary lines must have these numbers con¬ 
tinued on them, for the same purpose, but this is not done in the 
diagram, to avoid confusing it. 

It will be seen that the secondary lines mn, rs are prolonged 

beyond the system of main lines, to give stability to the parts of 
the survey that protrude beyond line 2. 

Noth. For the method of keeping the deld book in extenr.ve surveys, the 
descnption and use of the theodolite and other surveying instrumentSi see 
Bakerg Land ana Engineering Surveying. 
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ENGINEERING SURVEYING. 

levelling. —DEFINITION OF LEVELLING. 

By the art of levelling the inequalities of the upper boundary 
of any section of the earth’s surface may be shewn, and thence 
may be determined the several heights of any number of points 
in that boundary, above or below an assumed line, called a level 
line; though, in reality, this line is a great circle of the earth, 
and is such us would be derived from a section of the surface ol 

still water. 

levelling INSTRUMENTS. 

(1.) Levelling instruments all depend on the action ot gra¬ 
vity: of these the plumb-line, on which the mason’s level 
depends, is the most simple ; but it cannot be used in extensive 
operations, on account of its practical inconvenience. 1 he tluid, 
or water level, in all its modifications, is slso found inconvenient 

for extensive jiractice. 

(2.) Spirit levels are now commonly used, as the most ac- 
gQffttg instruments for finding the differences of level, or veitical 
distances between two stations: of these there are several, we 
•hall only here describe the Y level. 


THE Y LEVEL. 



The foregoing figure represents this instrument. A is an 
achromatic telescope, resting on two supporters, which in shape 
resemble the letter Y ; hence the name of the instrument. The 
lower ends of these supporters are let perpendicularly in a strong 
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brap bar, which carries a compass box C. This comnn^* Jo « 
venient for taking bearings, and has a contrivanc*. fo^r throwing 
e needle off Its centre, when not in use. One of the Y suif 

sCvT ' - lowered by tl 

Beneath the compass box, which is generally of one piece with 

Immediately above the upper parallel plate is a collar.^which cm 
be made to embrace the conical axis tightly by turning the 

the instrument by means of the tangent screw D. l^I tw" 
parallel plates are connected together by the ball and socket 
already mentioned, and are set firm by four mill-headed screws 
which turn in sockets fixed to the lower plate, while their heads 
press against the under side of the upper plate, and thus sem 
the purpose of setting the instrument truly level 

the^sf^ff lower parallel plate is a female screw, adapted to 
the staff head, which is connected with brass joints to^ three 
mahogany legs, which support the instrument. 

pe spirit level 11 is fixed to the telescope by a ioint at one 

end, and a capstam headed screw at the other, to raise or de¬ 
press it for adjustment. 

(3.) Previous to using this instrument the following adiust- 
ments must be attended to. ® •' 

tion (adjustments of the telescope for parallax and collima- 


2. The adjustment of the bubble tube. 

3. The adjustrnent of the axis of the telescope perpendicularly 

to the vertical axis. ^ jt r y 

1. The adjustment for parallax and collimation. Move the 
object-glass by the screw, and the eye-glass with the hand, till 
distant objects and the cross wires within the telescope, appear 
c early d^ned; and the adjustment for parallax will be com- 
pleted. IV ext, direct the telescope to some well-defined object 
at a great distance; and see that the intersection of the cross 
’"•ires cuts it accurately; then loose the clips that confine the 
telescope m the Ys, and turn it round on its axis, observing 
whether the centre of the wires still continue to cut the object, 
during a whole revolution. If it does, it is in adjustment; if 
not, the line of collimation, or optical axis of the instrument, is 
not in the line joining the centres of the eye and object-glasses. 
lo correct this error^ turn the telescope on its axis^ and by 
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means of the four conjugate screw a, a, &c., that move the cross 
wires, correct for half the error, alternately loosing one screw and 
tightening :ts opposite one, till the cross wires cut the same point 
of the distarvt object, during an entire revolution of the telescope 
round its axis. 

2. The adjustment of the bubble tube .—Move the telescojie 
till it lies in the direction of two of the parallel plate screws, and 
by giving motion to these screws bring the air-bubble to tbe 
centre of its run. Now reverse the telescope carefully in tlic 
Ys, that is, change the places of its ends ; and should the bubble 
not settle in the same point of the tube as before, it shows 
that the bubble tube is out of adjustment, and requires cor¬ 
recting. The end to wliich the bubble retires must then be 
noticed, and the bubble made to return one-half the distance by 
turning the parallel plate screws, and tlio other half l)y turning 
the capstain headed screws at tbe end of the bubble ttd)i‘. The 
telescope must now again be reversed, and tbe operation re|!eated, 
until the bubble settles at the same j>oint of tlie tube, in the 
centre of its run, in both positions of the instrument. Tbe ad¬ 
justment is then })crfect, and the clips, that confine the telescoju* 
in the Ys should be made fast. 

3. The adjustment of the axis of the telescope 'perpendicularly 
io the vertical axis .—Place the telescope over two of tbe pa¬ 
rallel plate screws, and move them, unscrewing one while 
screwing up the other, until the bubble of the level settles in 
the centre of its run; then turn the instrument half round on 
its vertical axis, so that the contrary ends of the telescope may 
be over the same two screws, and, if the bubble does not again 
settle in the same point as before, half the error must be cor¬ 
rected by turning the screw B, and the other half by turning the 
two parallel plate screws, over which the telescope is placed. 
Next turn the telescope a quarter round, that it may be over 
the other two screws, and repeat the same process with tliesc 
two screws; and when, after a few trials, the bubble maintains 
the same position in the centre of its run, while the telescoj)e is 
turned round on the vertical axis, this axis will be truly ver¬ 
tical ; and the axis of the telescope being horizontal, by reason 
of the previous adjustment of the bubble tube, will be perpen¬ 
dicular to the vertical axis, and remain truly horizontal, while 

the telescope is turned completely round. The adjustment is 
therefore perfect. 

There are several other highly approved levelling instruments, 
as Troughton’s and Gravatt’s levels, &c., for the descriptions ol 
which, see Saker’t hand and Engineering Surveying, 



CORRECTION FOR CURVATURE, &C 


w OIAVJKS 


(6.) The best constructed levellino- ctafF ^ 

three parts sliding one within another « ^ <^onsists of 

use, form a staff 17 fLuon^ opened out for 

the manner of a fishing rod * The who]°°f ft^ei 

eveiyhalf foo\ 

the figures 1, 2, 3, &c numbered with 


B 


D 


CORRECTION FOR CURVATURE. 


E 


Ilii/ D £ be a horizontal line, 
that IS. such as would be given by the 

hne of sight of a level, properly ad- 

nf^th ’ ® ^ “Jt “tc of a great circle 

e earth, and A its centre. It will 

at once appear from the figure, that 

wi W ‘*1® ? *■’ »PP««“‘ 

B E above the true level increase 
successively from the point B. The 

eight E F of the apparent level above 
the true, is eipial to the square of the 
dis ance B E divided by twice the 
earth s radius A B, that is E F = 

2XB’* sii'ilariy D C = ^ &c.. therefore the correc 

tions for curvature D P F F Vrc .. .i 

distancesBD, BE &c since 2 A hI ^ **■' 

disTance\ D *to‘be' I T ‘"ri!’® .“d “ssum^ig the 

DC = BD2-i-2AB 79 ^a‘= coTection for curvature 

inches = nearly 8 inches, If the distaSTs E LTti^ Z 



BE% 


the correction E F 


BE2 -«- 2 A B 


--9— 

7 9 5 8 


71*656 inches, 


or nearly 6 feet. 

Let any distance B D = f/ in milp« anri fUaa v... a.' /• 

vature for 1 mile be taken = 8 ini*; - ^ JfTZt Z f f •' 
very nearly; then - T of a foot, which it is 


correction 


for any distance ef in miles : 


2 </2 
“T" 


feet, 
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and let 


80 


dt e being chains ; then 


2 2 X 12 c2 


‘i 


correction 


3 


3 X 802“ 800 


inches. 


for any distance c in chains. 


CORRECTION FOR REFRACTION. 

(8.) The effect of the earth’s curvature is modified by anothei 
cause, arising from optical dece[)tion, namely, refraction ; the 
correction for which varies with the state of the atmosphere, but 
it may generally be taken at ^ of the correction for curvature, 
as an average ; and since refraction makes objects appear higher 
than they really are, the correction for it must be deducted from 
that for curvature. 


EXAMPLES. 

1. Required the correction for curvature and refraction, when 
the distance of the object is 2^ miles. 

- X (2‘5*)^ — 4*166 cor. for curvature, 

3 S 

I of which is . **595 cor. for refraction. 


Dif Ference.3*571 feet, cor. required. 


2. Required the ci 
distance is 60 chains. 


60* -J- 800 = 4*5 cor. for curvature, 
of which is .. *643 cor. for refraction. 


Difference .... 3*8.57 inches, cor. required. 

3. From a point in the Folkestone road, the top of the keep 
of Dover Castle was observed to coincide with the horizontal wire 
i a levelling telescope, when adjusted for observation, and there- 
tbre was apparently on the same level; the distance of the instru¬ 
ment from the castle was 4^ miles, required the correction for 
curvature and refraction, that is, the true height of the keep oi 
the castle above the point of observation. 


2 „ 40*5 

g X (4*5)* = -g = 13*5 feet, cor. for curvature, 
4* of which . = 1 *93 feet, cor. for refraction. 

Difference . = 11*57 feet, cor. required. 


See aUfi the tablet fir theee correctwns at the end of the book. 

i 
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PRINCIPLES AND PRACTICE OF LEVELLING. 

'lo find the differences of the levels of several points on ths 
surface of the earth. 

(7.) Before entering on this subject, it will be proper to 

state that the corrections for curvature and refraction, already 

explained, are seldom applied in the practice of levelling, the 

spirit level being usually placed midway between the stations, 

the levels of which are to be observed, hence the resulting cor- 

rection tor each station are equal, and therefore the difference 

o the levels at the two stations is as truly shown by the dif. 

terence ot the readings of the two staves, fixed thereon, as if the 

corrections had been made. Thus the trouble of making these 

corrections is avoided by simply placing the instrument midway 
between the two staves. ^ 

{S.) Let it be required to find the difference of level between 
the points A and G. A levelling staff is erected at A, the in- 
strument is set up and adjusted at B, another staff is also erected 
at G, at the same distance from B that B is from A, as nearly 
as can be judged by the eye; the reading of the two staves are 



then noted ; the horizontal lines, connecting the staves with the 
instrument, represent the visual ray or level line of sight. The 
instrument is then conveyed to D, and the staff that stood at 
A is now removed to E, the staff C retaining its former position, 
only its graduated side turned to the instrument, and from 
being the fore staff at the last observation, it is now the back 
statt; the reading of the two staves are again noted, and the 
ins^ument reinoved to F, and the staff C to the point G, the 
staff at E retaining its position, now in its turn becomes the 
back staff, and so on to the end of the work, which may thus 
e continued to any extent. The difference of the readings of 
t e staves at A and C will show the difference of level between 
the points or stations A and C, because the visual line of the 
instrument is virtually level, and the same is true with respect 
to every two consecutive stations. 

EXAMPLE. 

Back sight on staff A. 10*66 fee 

Fore sight on staff C. 11*78 ,, 


The fall from A to C 




• # 


1*12 difference. 
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Because when the front reading is the greater the ground fnCs 


and picc versd. 

Back sight on staff C. 13'3G 

Fore sight on staff K. ‘J'lG 


The rise from C to E. 4 20 difference. 

Subtract the fall from A to C . . 1*12 


'Fhe rise from A to E. 3 ()8 difference. 

Because the rise from C to E is greater than the fall frorii A to 
(), their difference shows the total rise. 

Back sight on staff E. 7 ()2 

Fore sight on staff G. 8'IG 

The fall from E to G. 0-54 difference. 

This fall taken from the rise from A to E, that is, 

3-08 
t) .*)4 

g;ives the total rise from A to G. 2*54, or nearly 2 

feet 6^ inches. 

The difference of the sums of the back and fore readiitgs of 
the staves, will more readilv give the difference of level between 
A and G : thus. 

Back sights. Fore sights, 

feet, feet. 

lO GG at A 11’/H at C 

13-36 at C 9-lGatE 

7-62 at E 8-lGatG 

sums 31-64 29-10 

29-10 


2-54 difference of level, the same as before. 


TO DRAW A SECTIONAL LINE OK SEVERAL POINTS IN THE 
earth’s SURFACE, THE LEVELS OF WHICH HAVE BEEN 
TAKEN. 

Let a, b, e, </, e,f, and g be the several points; then, in order 
to draw the section to show the undulations of the ground be¬ 
tween a and g, the distances of the several points from 6, in 
addition to their levels, must be taken ; this is usually done 
during the operation of levelling. These distances, with the 
back and fore sights, may be arranged in a level book of the fol¬ 
lowing form, which, though not the form practically used, will 
probably be more clearly understood. {See Fig. page 124.) 
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LEVEL BOOR. 


Back 

Sights. 

\ 

Fore 

Sights. 

Fall. 

Rise. 

Reduced 

Levels. 

Distances in Chafns, 
and Remarks. 

3*50 

5*65 

2*15 


2*15 

4*60 at b on road. 

4*10 

10*85 

6*75 


8*90 

7*80 at c. 

5*04 

9-25 

4*21 


13*11 

11*60 at d. 

3*84 

12*91 

9*07 


22*18 

15*20 at e. 

4*12 

7*65 

3 *.53 


25*71 

bottom of canal, distance 2* 16 

10*49 

3*92 


6*57 

19*14 

21*00 at/. 

12*96 

3*03 


9*93 

9*21 

27*00 at Q. 

44*05 

53*26 




♦ 


44*05 





diff. 

9*21 

the s 

ame f 

IS the la 

st of the reduced levels. 


I 


In this level book it will be seen that the diflFerences 2*15 
and ^ 6 75, in the column marked Fall, are added together, 
making 8*90, thus giving the fall at c, in the column marked 
Reduced Levels : to this sum the succeeding falls are added, 
one by one, till we get the fall 25*71 at the bottom of the canal, 
which is the lowest point. Then the differences in the column 
marked Rise, are subtracted successively from 25*71 for the 
falls at/and g ; the latter of which is 9*21, the total fall from 
a to g^ which, agreeing with the difference of the sums of the 
back and fore sights, shows the truth of the ca.stings. The 
last column shows the distances of the several points, b, c, &c., 
from c, in chains, with other remarks. 

DATUM LINE. 

The section might he plotted by laying off the distances 
in the last column in the preceding level book on a horizontal 
line, and setting off their corresponding numbers of feet, in the 
column marked Reduced Levels, perpendicularly below the line; 
but it is found inconvenient in practice to plot a section in all 
cases after this method, as in extensive operations the reduced 
levels would repeatedly fall above and below the line in question, 
and thus confuse the operation ; therefore a line A G, called “ the 
datum line,” is assumed at 100, 200 feet, &c., below the first 
station a ; thus making that line always below the sectional line 
aft of which a clearer view may be obtained. 

In the following practical level book the rise or fall is re- 
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Bpectively added to, or subtracted from, the assumed distance 
of the datum line, and the next rise or fall a^ain added to, or 
subtracted from, the sum or difference :—thus 2’15, being a fall, 
is subtracted from 100 (the assumed distance of the datum line) 
leaving 97*85 feet, the height of the ground at h ; the next fall 
6*75 is then subtracted from 97*85, leaving 91*10 feet for the 
height at c; and so on to 3*53, which is the last fall:—the next 
6*57, being arise, is added, as well as 9*93 *,—thus the last re¬ 
duced level is 90*79 feet, which taken from the datum 100 
leave 9*21 feet, agreeing with the differences ol the sums of the 
back and fore sights, and of the sums of the rises and fails, and 
showing the work of casting to be correct. Thus are obtained a 
series of vertical heights to be set off perpendicularly to the 
datum line, through the upper extremities of which the sectional 
line must be drawn. 

PRACTICAL LEVEL HOOK. 

(Datum line 100 feet below the bench mark at r/.) 


Back Fore 
Sights. Sights 


feet. 

3*50 

4*10 

5*04 

3*84 

4*12 

10*49 

12*90 


feet. 

5*0.5 
10*8.5 
9*25 
12-91 
7‘65 
3 * 9 2 
3*03 


Ri.sp. 


fcpt. 


0-.57 
9 • 93 


Fall 


feet. 


2*15 
6*75 
4*21 
9*07 
3-.53 


9 2) diff. 


9-21 


1 ledacod, 

l.cvcls. 


fc(‘l. 

100-00 o 
97*8.5 
91*10 
86*89 
77-82 
74‘29 
80-86 
90*79 


44-05 53*26 1 6.5 0 25*71 100 00 

44-05 16*50 


9*21 


Dist¬ 

ances. 


I chains. 

4*60 
7*80 
11-00 
I 15-20 


21-00 

27*00 


Roiuai ks 


B IVl on road 
to lime kilns.! 


Bottom of 
canal,distant 
^ 2*80 chains.' 
to B M at g. 


diff. between last 
reduced level and 
datum. 


In laving down the sectional line from the above columns of 
reduced levels and distances, the former arc always taken from 
a much larger scale than the latter, otherwise the undulations 
on the surface of the ground would in many cases be hardlt 
perceptible. 

Draw the horizontal line A G, setting off the distances A B, 
A C, &c., as in the column of distances, that is A B = 4*60 


!24 


levelling. 


chains, AC — 7*80, &c., then draw A 


r '"r“’ ^ " = 100 Oset, perpen. 

C and parallel to A a draw B h, C c, &c., setting 





■A\ 


\ r 


^ Si 


Kl 

C»j 

. -.'i 
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?5?i 
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s* 

'Jf[£ 

1160 


CV 4 > 

Cfel 

{ir‘ 


^ »<4 

s ^ 

21 

5 *2 


5: ^ 


CO' 

cb' 

f' 

2100 


y 

—( 

I 

Oil 

§1 

I 

2300 



off their lieights 97'85, 91*10, &c., respectively, from the column 

o reduced levels, and through the points a, b, c, &c., draw the 
required sectional line a g. 

ntl!prvIrfco above operations, though extremely simple, require great care, 

cheek ^1- works of this kind, errors creep in imperceptibly, to 

check which the agreement of the differences in the level book is essential. 

LEVELS FOR THE FORMATION OF A SECTION. 

In this case it is retpiired to take the levels of a line of 

country where the ground plan is alreadv made, and the line of 

section determined upon, and marked out on the plan. Here, in 

addition to what is required in running or check levels, the distances 

to the several stations of the levelling staves from the startiim- 
[)Oint imist be measured. ° 

1 vw) <idditional assistants arc required in this case to measure 
the distances of the stave stations along the lines while the 
operation of levelling goes on, which is the same in every respect 
as that already described, excepting that, in this case, the opera¬ 
tion IS conducted upon a line, on the surface plan, a copy of which 
must be in tlie surveyor’s possession to direct him, and the dis¬ 
tances of the several stave stations must be noted in the level 
book, in the column marked “ Distances.” 

Ihe following is the level book of an example, showing the 
manner of keeping it, and also the method of reducing the levels, 
to obtain the actual heights of each stcation above the datum 
line, w'hich is placed 100 feet below the starting point, for con- 
venience of draw’ing the section. The whole operation being 
similar to that already given at page 123, excepting that here 
we give the particular manner of performing the several parts 
of the field work, in order that it may be clearly understood bv 
those who are unacquainted with the subject, as it is presumecl 
that, in a short time, railways will become the common means 
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of transit, both for passengers and goods, throughout every country 
of the civilized world. 


THE LEVEL BOOK FOR PLOTTING THE SECTION. 

(Datum 100 feet below the station a.) 


Back 

Sights. 

Fore 

Sights. 

Rise. 

Fall. 

Reduced 

Levels- 

\ 

Distances 

lioiiiarks. 

feet. 

feet. 

feet. 

feet. 

feet. 

links. ! 






100-00 n 

1 

1 


13-71 

7-88 

5-83 


105-83 

519 

ILM. side of road. 

9-40 

16-30 


6-90 

98-93 

1315 


3-87 

11 71 


7-84 

91-09 

1542 


2 63 

12-41 


9-78 

81-31 

1850 i 


14-62 

0-95 

13-67 


94-98 

2358 


17-00 

1-45 

15-5.'i 


110-53 

Ot'tQfi 


10-66 

15-40 


4-74 

105-79 

3357 1 


2-87 

17-00 


14-13 

91-66 

3758 ; 


3-40 

10-32 


6-92 

84-74 

3976 1 


5-73 

2-24 

3-49 


88-23 

5077 : 


16-54 

0-85 

15-99 


103-92 

5904 . 


16-08 

0-89 

15-19 


119-11 

6124 


14-56 

0-73 

13-83 


132-94 

6437 


10-36 

14*06 


3-70 

129-24 

7467 


9-84 

1-36 

8-48 


137-72 

8369 


9-80 

7-00 

2-80 


140-52 

9303 


2-30 

10-96 


8-66 

131-86 


Centre of road ar 2 15 

10-96 

14-46 


3-50 

128-36 

9679 

[links. 

KB 

15-05 


12-97 

115-39 

9936 


1 1-75 

16-58 


14-83 

100-66 

10164 


, 1-84 

17-10 


15-26 

85-30 

10576 



7-43 


7.43 

77-87 

11423 

Forward © at corner 

5-38 

3-50 

1-88 


79-75 

13066 

[of wood. 


4-50 

4-00 


83-75 

14954 



1-36 

3-94 


87-69 

15650 



9-40 

0-80 


88-49 

17345 


6-86 

0-40 

6-46 


94-95 

19135 


■iciin 

3-96 

7-04 


101-99 

19359 



3-53 

8-27 


110-26 

19631 



2-68 

7-85 


118-11 

19841 

Forward © at end of 

8-82 

1-98 

6-84 


124-95 

20561 

[wood. 

8-76 

2-20 

6-56 


131-51 

21671 



14-50 


0-50 

131-01 


Road at 450 links. 


4-32 

10-18 


141-19 

22710 


9-14 

1-00 

8-14 


149-33 

23221 

1 


304-19 

254-86 

166*49 

117-16 

100-00 



254-86 


117-16 










fDifference between Dattim 

, 49-33 

— 

49-33 

— 

49-33 

< and last Reduced level, or 






1 height of B above A. 
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LElEtLING. 


The several differences of the sums of the back and fnrp 

It IS advisable for the surveyor to reduce the levels in the 
3one' wmT the staL'an iTSra^ne'fpoluion^'^S s' 

will thus be enabled to detect wifh the e^ tf he is 

any glaring error; for instance, inserting a number in the column 

g o ; 'd\r r u'?!. 'A- ‘^e surfa^tfl: 


orarndlr ^ 

placed predZ Iqui'dL'tant Tom'the^'ac^aJrC'smv:^^ on' 
account of the inequalities of the ground, ponds, &c. ■ it would 

corrZt 'f“* to make our resulte perfectly 

seld„fr“"" r page 118= thU, we beS^ U 

seldom done unless m particular cases, where the utmost possible 
accuracy is required, on account of the smallness of such cor- 

referring to the table at the end of 
correction for 11 chains is shown to be no 
more than part of a foot; and as the difference in the dis- 
tances between the instrument and the fore and back staves can 
m no case equal that sum, it is evident that such correction mav 
e sa e y isregarded in practice. Besides, it is not necessary to 
have the level placed directly between the staves while making 
observations, as it is frequently inconvenient to do so, for reasons 
just given, nor does a deviation from a line of the staves, in this 
res^pect, in the least affect the accuracy of the result. 

The distances in the sixth column of the level book are 

assume to le horizontal distances, and in measuring them, care 

should be taken that they are as nearly such as possible, or thev 

must be aftervyards reduced thereto, otherwise the section will 

be longer than it ought to be. For the purpose of assisting the 

surveyor in making the necessary reduction from the hypothe- 

nusal to the horizontal measure, when laying down the section, a 

ta le is given in Maker s Land and Engineering Surveying, page 

146, shewing the reduction to be made on each ebain^s length 

for the several quantities of rise, as shewn by the reading of 
the staves. 


Notr. For extensive infornintion on this subject see Baker's Ltond ana 

Enginewing Surveying, where an engraved plan and section, adapted to this 
example, are given at the end of the work. 
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THE METHOD OF LAYING OUT RAILWAY CURVES 

ON THE GROUND. 

In railway practice, the curve adopted is alw’ays an arc of a 
circle, to which the straight portions of the railway are tangents 
at each extremity of the arc. Sometimes the curve consists of 
two, three, or more circular arcs with their concavities turned 
in the same or different directions, as in the compound and ser¬ 
pentine curves. 

PUOBI.KM I. 

7’o lay out a railuuuj curve on the yround hy the common 

method. 


Case I.— Let H A, he the tangeutal portions of a rail¬ 

way, the extremities A and of which are required to be 
united by the circular curve A q to which li A, <75 shall be 
tangents; the radius of the cur\e being supposed tube previ- 

ously determined. 


Let the radius 
in this case be 
80 chains or one 
mile; prolong the 
tangent HA a 
distance A /? = 
I chain; then op¬ 
posite 80 in table 
No. 2, at the end 
of the book, is 
foundd 95 inches 



= pq, which set off at right angles to A p, thus giving the first 
point in the curve. In the direction A q, measure q p^ = ^ 
chain, and set off p^ q^ = twice p q = 4 95 x 2 = 9 9 inches, 
at right angles to q p^’, then (/j is the second point in the 
curve. This last operation must be repeated till the curve 
shall have been set out to the point Lastly q^p^ being 
measured = 1 chain, in the direction q^ q^, the offset ^5 q^ will 
be found = 4’95 inches = the first offset p q, thus proving the 
accuracy of the work. In this manner the operation is con¬ 
ducted, whatever be the length of the curve. 

Case II. —Let A O = r, and 6 = A p = q p^ &c., which 
may be either less or greater than one chain ; then the general 

length of the first and last offsets p q, Ps Ps is —, and the 

2r 
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last oflFset; but the length of the offsets given in the table is 
represented by ± , therefore, if A p, , p„ &c., be taken as 2. 

3, 4, chains, the value of ~ must be multiplied by 2® 5 = 

4, 3^ “ respectively to find p q, and the re- 

suit, in each case, multiplied by 2 for each of the offsets o q 

Ps 9z> &c. In this manner the curve may be set out more 
speedily, and with less liability to error, on account of the less 

number and greater length of the lines required in the onera- 
tion. ^ 


EXAMPLE. 


Let A O = r = 

X 16 = 3-3 X 16 : 
4 feet 8 inches x 2 


120 chains, and 8 


8 ^ 1 


= 4 chains ; then -- 

2 r 2r 

52*8 inches 4 feet 4'8 inches ^p q‘^ whence 
: 4*8 feet 9’6 inches =^3 q<i>Pi q^ = &c 

Note 1. When the curve has been correctly set out, as in Case II., the inter- 
mediate stumps may be put in at the end of every chain, if required, by the 
method given in Case I. The distances of the intermediate stumps, thus put 
in, will not, in most cases, exceed a fraction of an inch; because the lengths of 

the offsets p q, p, &,c., is so small, that the corviUnear lengths A < 7 . a 
«c., can never greatly exceed those K p, q p^, &c. 

Note 2 The m^hod given in Case II., is sufficiently accurate when 5does 
not exceed of the radius of the curve. Besides, at the closing point of the 
curve, as at the distance q^p^ is most commonly less or greater than «. Let 

QsPa = then the offset q^, at the end of the curve is and 

2r ’ ’ 

when 5 = 1 chain, ^4 or the tabular number for the given 

radius must be multiplied by (5 + d)d, or by (1 d)d, according as A o, 

&c^ IS taken - 5 chains or 1 cha.n, to give the last offset p.q.; * of whfch 
Ps Q offset to the tangent q^. 


Let 


1 


let ^3 p 


EXAMPLE. 

120, and d 4 chains, as in the last example, and 
2*68 chains; then p^q^ = L x (8 + d) d z= 


d 


3-3 X (4 -h 2' 68 ) X 2*68 
29*535 incheb is = 


2r 


59 07 inches; ^ of which, viz.. 


Pb q 


B • 


Note 3. When 5 exceeds ^ of the radius r of the curve, the following foi- 
mula ought to be used for finding the offsets. 


p q — r 

and p 2 ys &C. = 




5* 


V 


- \ 52 

8ee Baker's Land and Engineering Surveying, page 164. 
Note 4. By this method the greater part of both British 


and foreign rjul- 
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wHj curves h&ve been laid out. It was invented by ^ I'l t ^ 

ago, when the Stockton and Darlington Railway was laid out, and eagerly 
adopted by engineers as it involves very little calculation, and does not require 
the use of’a theodolite. It is, however, defective in practice, on account of 
its requiring so very many short lines connected together, as errors will un¬ 
avoidably creep in and multiply, and more especially so where the ground is 
rough ; thus the curve has frequently to be retraced several times before it 
can be got right; hence the author prepared the methods in the following 

Problem. 

PitOBI.KM II. 


To laij nut a railway curve on the yround^ by off-sets from iti 
tangents, no obstructions being supposed to prevent the rise of the 
chain on the convex side of the curve. 


Cask I. 
its radius. 


When the length of the curve does not exceed of 


D C be 

of 


a 


Let AB, 
straight portions 
railway, the points C and 
B being required to be 
joined by a circular curve 

B C, to which A B, DC 

shall be tangents, the 
radius B 0 of the curve 
being supposed to be pre¬ 
viously determined from 
an accurate plan of the 
intended railway. 

Range the tangents A B, 
the radius BO = 80 chains 



tance B q 
offset qp 


D C till they meet at T ; and let 
= 1 mile ; measure on B T the dis- 

off the 


1 chain; and, at right angles to B T, lay 
4'95 inches, by Table No. 2, as in Problem I. ; then 


p is the first point in the curve. Next measure q q 


1 chain, 


and lay off the offset jo, = 4*95 x 4 for the second point in 
the curve. The successive offsets, at the end of every chain, 
being 4, 9, 16, &c., or 2’^, 3^, 4^, kc., times the first offset pq, 
which may also be fotind opposite the given radius in the Table 
No. 2., as in Prob. I. 

When the offsets have been thus laid out, till the last one 
9$Pt little short of T ; lay off the same offsets on T C as 
were laid off in B T, but in an inverted order, making the first 
distance on T C = T^, ; thus completing the curve to C. 


Notr. It can rarely happen in practice that the last offsets, from both tJin- 
gents, will meet at the middle point of the short curve, as shewn in the 
Agnre; but will either intersect one another or fall short of the middle point; 
but this is a matter of no consequence. 
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example 

. u; t str- ■*“ 


P q per Table (No. 

2-475 X 


Pa ?2 

Ps ?3 

P4 

&C. 


2-475 X 
2-475 X 

&c. 


1 .) 

4 

9 

16 


Case H. 


2*475 inches. 
9-9 

22-275 
39-6 
&c. 


To lay out the curve when it is any required length. 

- 1 ^ (of which there are some more than two milp, 

m length) the tangents, if prolonged to their point of meetine- 
would necessarily fall at a great distance frorthe curve th?s 
giving an inconvenient length to the offsets, which in nrUice 

tt" curve'Zsrbrd- M d inconvSS 

additional tangents, thus the offLts may be confined 

within their proper limits. Thus the tangent TC ma^n thb 

off^thnVr another tangent applied, and the offsets laid 

off, thus repeating the operation of Case I. a second time: if the 

thirT fourth &f operation may be repeated a 

rnira, fourth, &c., time, till it be completed. 

page .79 of r:r.t„4r 

eioii u given. See, also. Tale', Geomelry, page 247. ^ 


CONTENTS OF R,4ILWAY CUTTINGS, &c. 

TABLES. 

The General Earthwork Tables^ in conjunction with Two 
Auxiliary Tables, on the same sheet, in Baker's Railway En¬ 
gineering or the numbers for the slopes in Bidder's Table, are 
applicable to all varieties of ratio of slopes and widths of forma¬ 
tion level in common use ; and with the help of Barlow’s table oi 
square roots, these tables will apply to sectional areas, with all 
the mathematical accuracy that can be attained, with very little 
more calculation than adding the contents between every two 
cross-sections, as given by the Genera! Table.—The contents in 
tile Greneral Table are calculated to the nearest unit, as are also 



RAILWAY CUTTIN(>S.. 


13] 


C 


i 



those in the Auxiliary Table, No. 2, which is for the decimals of 
feet in the depths. The Auxiliary Table, No. 1, shews the 
depths of the meeting of the side-slopes below the formation- 
level, with the number of cubic yards to be subtracted from the 
contents of the General Table for each chain in length, for eight 

of the most common varieties of ratio of slope. 

The following diagrams and explanations will further illustrate 
the method of taking the dimensions of railway cuttings, pre¬ 
paratory to using the above named tables. 

Let A B D C c a 6 ff, be a railway 

cutting, of which A B D C, a b d c 
are the cross sections, A B = ah — 
width of formation level, i\I IVl, m ra 
the middle depths of the two cross- 
sections ; the side-slopes AC, D B, 
a e b dy when prolonged two and 
two, will intersect at N and n, at 

which points the prolongations of , a n m 

M M', m m will also meet, thus constituting a prism A .b 

naby the content of which is to be deducted from 

content, given bv the General Table, by means of the lable No. 

1.; in which the depth M'N = mn is also given, as already 

stated, to several varieties of slope and bottom width. ^ 

To place this subject in a more practical point of view, let the 
annexed figure represent a longitudinal and vertical section o a 
cutting, passing through the middle A E of the ormation eve . 
H I, the line of the rails, and a k, the line on which the slopes, 

if prolonged, would meet. c 

It will be seen that the 


cutting A A c c? E com¬ 
mences and runs out on the 
formation level A E, and 
that the depth A a = B e 
= Cy* = &c., is to be added 
to the several depths B b, 

C c, D rf of the cutting, the 

first and last depth at A u- 

and E being each = 0 ; or, what amounts to the same thing, e 

several depths must be measured from the line ah'. f* 

«/, &c., are the depths to be used. And since the depth A a is 

given in Table No. 1, for all the most common cases, or it may be 
readily found by calculation for all cases, (see Railway ^ngineer- 
vig)t the line corresponding to a h must, therefore, be ru e on 
the railway section^ at the proper distanct below A L, roin 
which the several depths must be measured; or the veiticn 


h/ 

A 

/ i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

__ 1 ■ 

V 


• 

\ 

4 

—A — 

— f ■ — 

Ai 

1 

t 

1 

Bi 

1 

( 

1 

D, 

1 

I 

E' 

1 

_ j — 


d 




9 


h 




132 


RAILWAY CUTTINGS. 


scde may be marked with Indian ink, (which mav be readil. 
ru bed off) at the same distance, and this mark may then be 

“’l ^® level A E, for the purpose of measurine 

several depths. In the case of an embankment, the line for 

formaTon levt ‘^e 


Problem I. 

2 he of a railway cutting to the meeting of the side 

slopes, the width of formation level, and the ratio of the slopes beinl 

cubic yards, from Z 

7 ables referred to, the distances of the depths being one chain each. 

Rule.— Take the seveyal quantities, corresponding to every 
wo succeeding depths of a cutting, or embankment, measured to 
the meeting of the side slopes, at the distance of I chain each 
from the General Table in Baker's Railway Engineering, and 
multiply their sum by the ratio of the slopes; from the product 
subtract the cubic yards, corresponding to the given bottom 

width and ratio of slopes from Table No. 1 ., multiplied by the 

whole length of the cutting, and the remainder will be the con- 
tent of the cutting in cubic yards. 

But, when the distances of the depths are greater or less than 

1 Cham, the quantities of the General Table must be multiplied by 

their respective distances.—And, when the distances are given in 

feet, the quantities must be multiplied by those distances, and the 

final result divided by 66 for the content in cubic yards, as in the 
following 


EXAMPLES. 


1. Let the depth of the railway cutting 
or embankment to the meeting of the 
side-slopes, at the end of every chain, be 
as in the following table, the bottom-width 
30 feet, and the ratio of the slopes as 2 to 
1 ; required the content in cubic yards. 


Note. In the annexed table the quantity 1238, 
corresponds to the depths 10 and 33 feet, in the 
General Table; the quantity 3175 to the depths 
33 and 39, and so on for the succeeding depths. 
By the Auxiliary Table No. 1, it will be seen, that 
the depth to be added below the formation level, 
for the given width and ratio of slopes, is 7-50 = 
74 feet, therefore, the cutting begins and ends with 
a depth oflO — 74 = 24 feet. The corresponding 
uumlterof cubicyards.tobe deducted for each chain 


Dist. in 
chains. 

in feet. 

Qnts. per 
G. Tabie. 

0 

10 

1 

100 

33 

1238 

200 

39 

3175 

3-00 

35 

3350 

4-00 

10 

1355 


For slope 1 to 1 ..9128 




For slope 2 
Subtract 
275 X 4 
Content in 
cubic yds. 


to 1.18256 ' 

I 1100 

I = 17156 


RAILWAY CUTTINGS. 



Dist. in Depths 

chains, in feet. 

% 

Prodacta for Dist, 
greater than 1 chain. 

1 

1 Total , 
quantities.j 

0 

10 




1 ' 

1 ! 

1-00 

16 

* • 

« 

a 

! 420 

2-00 

20 


m 


1 705 

4-00 

25 

1234 

X 

2 

2486 

5-00 

32 

« • 

e 

• 

1 1996 

700 

39 

3091 

X 

2 

1 6182 

1 

8-00 

45 

• • 


e 

4319 

1000 

50 

5520 

X 

2 

' 11040 

1200 

40 

4971 

X 

2 

9942 

13-00 

30 

* * 

« 

e 

i 3015 

14*46 

10 

1059 

X 

1-46 

1546 


For side slopes 
For side slopes 


1 to 1 
A to 1 


In length, is multiplied by 4 c 
giving the whole quantity to 1 
content in cubic yards of the c 

2* The several depths 
of a railway cutting to the 
meeting of the side slopes 
are as in the annexed 
table, the bottom width 
being 30 feet, and the 
ratio of the slopes 1^ to 
I ; required the content 
jf the cutting. 

Notb. When any of the dis¬ 
tances between two succeed¬ 
ing depths is greater or less 
th*.n 1 chain, the correspond¬ 
ing quantity from the General 
Table must be multiplied by 
that particular distance; as the 
distances between the depths 
20 and 25, and between 32 and 
39, fto., the distance being 2 
clmins. The last distance, viz.,_ 

thalbetweenSOand 10,isl’46, ^ i • i • 

in this case 2 figures must be cut off for decimals, after multiplying. 

3. Let the depths of a 
railway cutting to the 
meeting of the side slopes, 
and their distances in feet 
be as in the annexed table, 
the bottom width 30 feet, 
and the ratio of the slopes 
to 1; required the con¬ 
tent in cubic yards. 

Noth. When the distances 
are in feet the quantities from 
General Table must be re- 
^cotively multiplied by their 
mstances, the quantity from 
Table No. 1, by whole dia- 

tnoe 


For side slopes 14 to 1 . 

366-67 X 14-46 


20870 

62611 

5302 


Content in cubic yards 57309 


Dist in 
feet. 

Depths 
in feet. 

Quantities multi¬ 
plied by length. 

Total 

quantities. 

-- — --- 

0 

37 



90 

60 

4660 X 90 

419400 

178 

61 

7554 X 88 

664752 

278 

39 

6210 X 100 

621000 


For slopes 
For slopes 


itol 


• • • ♦ 


• • • • • 


852576 


For slopes 14 to 1 . 2557728 

366*67 X 278 == 101933 


66)2456795 


Content in cubic yards. 37209 


by dfi, the feet in 1 chain, for the content in cubic yards. 


Problem II. 

Cabb I.—orccM of two cross sections of o railway cutting 
to As intersection of the side slopes, its length in ^ chains, bottom 

emd As ratio of the elopes are given; required the content 

ef As cutting m cubic yards, 

lUirijt,—w ith the square roots of the given areas as depths. 
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find the content from the General Table, as ra the last Problen. 
being multiplied by theLgtCJSt fhe' 

Nora. If the length be given in feet, proceed as in Example 3. last Problem. 


EXAMPLE. 


1. Let the two sectional areas of a cutting be 4 761 and 1296 
square feet, the bottom width 36 feet, the length 3-25 chains 

cubic ^ ^ ^ ~ 5 


v/4761 


69 

36 


content per General Table 6959 


l^or bottom width 36 and slopes 2 to 1, per 


Table No. 1 


396 


Content for 1 chain in length. 6563 


3i 


19689 

1641 


Content for 3*15 chains . 21330 cubic yds. 

Case II. -In measuring contract worky where great accuraev 

IS reqmredy the -j^ths of a foot, or s(Cond decimals, must he used 

in the calculation, hy taking for thm ^^^th of their respective 
quantities in Table No. 2, 


EXAMPLE. 


The areas of seven cross sections of a 
railway cutting to the meeting of the side 
slopes and their distances are as in the 
annexed table; the bottom width is 30 feet, 
and the ratio of the slopes If to 1 ; required 
the cubic yards in the cutting, 

Ans. The content, per General Table, 
and Table No. 2, is 172318 cubic yards, 
from which the quantity corresponding to 
the given bottom width and ratio of slopes 
X by the whole length, viz. 275 x 18 = 


1 Dist. in 
chains. 

Areas in. 
sq. feet. 

0 

2727 

2-00 

3136 

600 

4221 

900 

4100 ; 

1400 

5141 ! 

1600 

3759 ' 

18-00 

_ 

2161 1 

J 


4950 cubic yards 
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I3h 


% 

must be deducted, which leaves 167568 cubic yards, the conteut 

required. 

Noth For further explanations and numerous examples of ^ the methods 
of fiSg the contents of earthwork, see Bakers Land ana Engineering 

Surveying. See, also, Tate's Geometry, page 252. 


GENERAL RULE FOR FINDING THE CONTENTS 

OF SOLIDS. 

The wedee, the prismoid, the pyramids, and their frustums; 
the whole or a segment, or any portion of the whole, contained 
between two parallel planes perpendicular to the axis of a sphere, 
of an ellipsoid, of a paraboloid, of an hyperboloid, may be found 

by the following general formula. r j o 

Let A and B be the areas of the ends of the solid, C the 

area of a section parallel to and equidistant from the ends, and 
L the distance between the ends; then 

A -h B + 4 C . 

The solidity =- x L: 

The following investigation of this very general Rule was given 
by B. Gompertz, Esq., F.R.S., &c., in the Gentlemen s Mathe¬ 
matical Companion for 1822. 

Let X be the variable distance from a given point of anothei 
section parallel to the two ends, and a, 6, c be given qu^ti les, 
the area of the said section will be a 4- h x -y c a;, as t wi 
contain the cases of the sections of the solids, enumerate in 
the Rule; for instance, in the pyramid or cone, the area o le 
■ection may be expressed by c x', in the wedge the areas may e 
expressed hy a b x ^ c x\ a, b, c being constant or ^ e 
same point and wedge for any parallel section to a plane given 
in position, as long as the section has the same num er o 
sides. In the paraboloid all planes perpendicular to t e 
if the given point be the vertex, will have the areas of their 
sections expressed by 6 a;. In the ellipsoid or hyperto oi , e 
point being in that vertex of the axis about which it is re¬ 
volved, the area of the sections may be expressed by bx -I- c x^, 
c being negative in the ellipsoid and positive in the yP®^' 
boloid. And I observe from the method of equidistant 
nates in curves, or of sections in solids, see the meth^ o 
differences, if A, B represent the areas of the two ends, C the 

E 
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area of the section in the middle between them, 
length; then 


and L the 


t 



A -f* B -I- 4 C 

6 



Q. E. I. 


EXAMPLES ON THE FOREGOING RULE, 

The length of a railway cutting is 5 chains or 110 yards 
the top width and depth at one end are respectively 120 and 
dO leet, the top width and depth at the other end are respec- 

tjvely 90 and 20 feet, and the bottom width 30 feet; required 
the content of the cutting in cubic yards. 

A ns. 20777^ cvibic yards. 

2 Required the content of a sphere, the diameter of which is 
^ 2 Ans. 33*5104 cubic yards. 

Note. Here the areas of the extreme sections are each = 0. 

3. A cask is in the form of the middle zone of a sphere, its 
top and bottom diameters being 34 inches, and its height 30 
mches, inside measure; how many gallons will it hold ? 

Ans. 149’22. 

4. How many gallons are contained in a cask, in the form of 
the middle zone of a spheroid, the bung and head diameter being 
40 and 32 inches, and the length 36 inches, all internal measures ? 

Ans. 143^ imperial gallons. 

5. How many cubic feet are there in a parabolic conoid, the 
neight of which is 42, and the diameter of its base 24 inches? 

Ans. 5*4978 cubic feet. 

6. A 5 inch cube of ivory is turned into a sphere of the same 

diameter; what weight of ivory wdll be lost, its weight being 
1820 ounces (Av.) per cubic foot? Ans. 61*44 ounces. 
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Height. 

•001 
•002 
•003. 
•004 
•005 
•006 
•007 
•008 
•009 
•010 
•Oil 
•012 
•013 
•014 
•016 
•016 
•017 
•018 
•019 
•020 
•021 
•022 
•023 
•024 
•025 
•026 
•027 
•028 
•029 
•080 
•081 
•082 
•088 
•084 
•085 
•086 
•087 
•088 
'089 
•040 
•041 
•042 
•043 
•044 
•046 
•046 
'047 
•048 
•049 


Area Segment. 


Height. Area Segment. Height. Area Segment. 


•000042 

•000119 

•000219 

•000337 

•000470 

•000618 

•000779 

•000951 

•001135 

•001329 

•001533 

•001746 

•001968 

•002199 

•002438 

•002685 

•002940 

•003202 

•003471 

•003748 

•004031 

•004322 

•004618 

•004921 

•006230 

•005546 

•006867 

•006194 

•006627 

•006866 

•007209 

•007668 

•007913 

•008273 

•008698 

•009008 

•009383 

•009763 

•010148 

•010637 

•010931 

•011830 

•011734 

•012142 

•012664 

•012971 

'018892 

•018818 

•014247 


062 
063 
064 
065 
066 
067 
068 
069 
070 
071 
072 
073 
074 

076 
076 
077 
078 
079 
•080 
081 
082 
083 
•084 
•086 
•086 
•087 
•088 
•089 
•090 
•091 
•092 
•098 
•094 
•096 
•096 

•097 

•098 


>14681 

015119 

015561 

016007 
016457 
016911 
017369 
017831 
018296 
018766 
J19239 
019716 
020196 
0206^0 
021168 
021659 
022154 
022652 
023154 
023659 
024168 
024680 
025195 
025714 
026236 
026761 
027289 
027821 
028356 
028894 
029435 
029972 
030526 
031076 
*031629 
032186 
032745 
033307 
•033872 
•034441 
•035011 
•035585 
•036162 
•036741 
•037328 
•037909 
•038496 
•039087 
•089680 


18 


•040276 

•04087^5 

•041476 

•042080 

•042687 

•043296 

•043908 

•044522 

•045139 

•045759 

•046381 

•047005 

•U47632 

•048262 

•04S894 

•049528 

•050165 

•050804 

•051446 

•062090 

•052736 

•053386 

•054036 

•054689 

•055345 

•056003 

•056663 

•057326 

•057991 

•058658 

•069327 

•059999 

•060672 

■061348 

•062026 

•062707 

•063889 

•064074 

•064760 

•065449 

•066140 

•066833 

•067628 

•068225 

•068924 

•069625 

•070328 

•071033 

•071741 


Non. When the tabular height exceeds the heights given this Table 
the eegment must he divided into two equal parts and their oonunon versed 
SUM found by Prob. VI, page 26. The tabular heights will then faU within 
kbit Table, wheooe the area of the whole segment may be found. 
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L^;3^E«th »,„c „thea,stchaijr^ g ^ ,;,,.p„i„t,, 

iuchn. decimals, ta S'|‘£Sr , ^S‘^^1?*, 


40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 
63 


9-9000 

9-6588 

9-4286 

9-2093 

90000 

8-8000 

8-6087 

8-4255 

8-2500 

8-0816 

7-9200 

7-7647 

7-6154 

7-4717 

7-3333 

7-2000 

7-0714 

6-9473 

6-8276 

6-7118 

6-6000 

6-4918 

6-3871 

6-2857 


64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 
87 


6-1875 

9-0923 

6-0000 

5-9104 

5-8235 

5-7391 

5-0571 

5-5774 

5-5000 

5-4246 

0-3513 

5-2800 

5-2105 

5-1428 

5-0769 

5-0126 

4-9500 

4-8889 

4-8292 

4-7711 

4-7143 

4-6588 

4-6046 

4-5517 


88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
102 

104 

105 

106 
108 
110 
112 

114 

115 

116 
118 


4-5000 

4-4496 

4-4000 

4-3516 

4-3043 

4-2581 

4-2128 

4-1684 

4-1250 

4-0825 

4-0408 

4-0000 

3-9600 

3-8824 

3-8077 

3-7714 

3-7358 

3-6667 

3-6000 

3-5352 

3-4736 

3-4435 

3-4138 

3-3599 


120 

122 

124 

125 

126 
128 
130 
132 

134 

135 

136 
138 
140 
142 

144 

145 

146 
148 
150 
152 

154 

155 

156 
158 


- - -_— . _ 


TABLE OF CORRECTIONS FOR CURVATURE, BTC. 


3-3000 

< 3-2459 

3-1935 

3-1680 

3-1428 

3-0937 

3-0461 

3-0000 

2-9552 

2-9333 

2 - 9 J 17 

2-8645 

2-8285 

2-7887 

2-7500 

2-7310 

2-7123 

2-6756 

2-6400 

2-6052 

2-5714 

2-5548 

2-5384 

2-5063 




^_ _ ^ ^ 

apparent and No. 4. -Difference betwelli'apparent and 

_ Correction m deci mals of feet. Correction in feet and decimals. 

Distance cyja- Distonco For curva- ^stance For curva- ilDistance Porcurva- 

tureand in tore and || in ture and 

miles, refraction 


- T .— emu. Ill Lure ana 

chains, refraction, chains, refraction, miles, refraction. 


H 

4 

44 

5 

54 

6 

64 

7 

74 

8 

84 

9 

94 

10 

104 

11 

114 

12 
124 

13 


•001 

-002 

-002 

-003 

•003 

•003 

•004 

•004 

•005 

•006 

•006 

•007 

-008 

•009 

•009 

•on 

•012 

•013 

•014 

•016 

•016 


14 

144 

15 

154 

16 
164 

17 
174 

18 
18 | 

19 

194 

20 
20 | 
21 
214 
22 
224 

23 

234 

24 



•021 

•023 

•024 

•026 

•027 

•029 

•031 

•033 

•034 

•036 

•038 

•039 

•041 

•043 

•046 

•047 

•049 

•051 


1 

14 

2 

24 

3 

34 

4 

£} 

54 

6 

64 



•03 

•15 

•32 

•58 

1 - 29 

2 - 29 

3 - 57 
5-14 
7-00 
9-15 

11-62 

14-29 

17-30 

20-58 

24-15 

28-01 

32-16 

36-59 

41-31 

46-30 

51-60 


10 

104 

11 

114 

12 

124 

13 

134 

14 

144 

15 

154 

16 

164 

17 

174 

18 

184 

19 

194 

20 


57-17 

61-30 

69-16 

75-59 

82-29 

89*29 

96-58 

104-14 

112-00 

120-15 

128-57 

137-29 

146-29 

156-57 

165-16 

176-00 

185-14 

195-69 

206-29 

217-29 

228-60 









A TABLE FOR MEASURING TIMBER. 


1 Quarter 

1 CHrt 

1 

Area. 

Quarter 

Girt 

Area. 

Quarter 

Girt. 

Area* 

IncheB. 

Feet. 

Inches. 

Feet 

Inches. 

Feet 

6 

•260 

12 

1000 

18 

2 250 

64 

•272 

12 i 

1042 

184 

2376 

64 

•294 

124 

1-058 

19 

2-506 

^ m 

6i 

•817 

12 | 

1129 

194 

2-640 

7 

•340 

13 

1-174 

20 

2-777 

74 

•364 

131 

1-219 

204 

2-917 

7& 

•390 

134 

1'265 1 

21 

3-062 

f s 

71 

•417 

13 | 

1-313 

214 

8-209 

8 

•444 

14 

1 361 

22 

3-362 

84 

•472 

144 

1-410 

224 

3-516 

8} 

•501 

144 

1-460 

23 

3-673 

H 

•631 

14 | 

1-511 

234 

3 835 

0 

•662 

16 

1-562 

24 

4-000 

H 

•594 

l-'^i 

1-615 

24 i 

4-168 

* H 

•626 

154 

1-668 

25 

4-340 

•I 

•659 

15 | 

1-722 

251 

4-616 

10 

•694 

16 

1-777 

26 

4-694 

101 

•730 

164 

1-833 

264 

4-876 

104 

•766 

164 

1-890 

27 

5 062 

10} 

•803 

16 | 

1-948 

27 } 

5-252 

11 

•840 

17 

2-006 

28 

5-444 

114 

•878 

17 i 

2-066 

284 

5-640 

114 

•918 

171 

2-126 

29 

6-840 

11} 

•959 

17 } 

2-187 

294 

6-044 


Rule.— Multiply the areft corresponding to the quarter girt 
in inches^ by the length of the piece in feet, and the product 

will be the solidity. 

Non. It may aometimeB happen that the quarter girt exceeds the limits of 
IIm table i in this case, take half of it, and four times the content thus found 

' ofll gin the required content. 


EXAMPLES. 

1. If a piece of round timber be 11 feet long, and the 

qoMter girt 13J inches, what is the solidity ? 

Ant, By the table the area corresponding to the quarter girt 
1^ Is 1*266; which, multiplied by 11 feet, the length, will give 
11 ^ 16 , or 13 /eet 11 inches nearly. 
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TIMBER MEA8URINO. 


ffirt i Vi inX t and the quarts 

g rt 15| inches, how many feet are contained therein ? 

Ans, 33-915/«<. 

6. How many solid feet are there in a tree which is 35 feet 
in length, its quarter girt being 10^ inches ? 

Am. 25-550 feet. 

and tlfrc^rne/SnlsHnches* 

T T''** of a piece of timber whose 

length 18 lu feet, and quarter girt 13| inches? 

Ans. 19-695 ftet. 

8. Required the content of a tree whose length is 26 feet 9 
mchee, and qnartor Hf inches. ^ns 40-418 C 



INDEX 



li 
1 ; 

an. 


Acute angle defined, L 

Acute angled triangle defined, S. 

Addition, sign for, 18. 

Angle defined, 1; acute, defined, 
ODtuae, defined, 1; right, defined, 
meaanre of, term described, 3. 

Ang^e, problems on the:—to divide 
into two parts, 7 ; to set off an, to con* 
tain a given number of degree, 7; to 
measure an, contained by two strai^t 
lines, 7. 

Angles, measurement of, 8; of polygons, 
to fifid tiie, 10; vertically opposite ate 
equal: theorem, 16. 

Arc of a circle detoed, 8. 

Arc of a circle, problems:—^the chord and 
height being mven, to find the diameter 
ana chord of naif the arc, 26; formulae 
and exanmles, 26; to find the length of 
any, 28; formulm and examples, 28. 

Arched roof, to find the concave surface 
of an, 90; examples, 90; to find the 
■olid content of, 96; examples, 90. 

Area, to find the, of irregular figures, 60; 
examples, 50. 

Ardflcers’ work, methods of measuring, 
80; bricklayera’, 80; carpenters’, 83; 
j^aaden’, 88; joiners’, 83; masons’, 82; 
pafaters*, 88; paviours’, 89; plasterers’, 
87; plumbers’, 89; slaters’, 86; tilers’, 

80 s 

Axis of a pyramid defined, 68; of a solid 
defined,63; of asj^ieredefined^68. 


Body, regular, definition of, 64. 
BridLlavers’ work, method of measuring, 

80; tmimneys,80; dom, 80; walls,^; 

wtndows, 80. 

BMirineoik, rod of, described, 81; method 
ef measittiitg eq^lained, 81; example. 
Ml. 


Oaipsttfesm’or dlding rale described, 78; 

aories of ^ explained, 78* 

®*rae«dewi* orelii&ngride,p!robi«iiainas» 
raMibg tlis use OT(1.) To multiply 

together, 74. (2.) To divide 
Igr fsa, 74. (8.) To square any num- 
tar bgr the, 7A (4.) extract the 
egaara racOL ft. (a.) To find a mean 
w g ratto nai between two numbers, 76. 


(6.) To find a third proportioiial to Ivrs 
numbers, 76. (7.) To find a fourth 

proportional to three numbers, 75. 

Carpenters’ work, method of measuring, 
83; doors, 84 ; joists, 83 ; partitions, 83; 
roofing, 84; staircases, 84; balustrade, 
84; wainscoting, 84; window-shutters, 
85; examples, 85 . 

Chain, Gunter’s, described, 92; methoa 
of using, 94; land surveying by the, ex¬ 
plained, 108. 

Chain and cross, land surveiring with, de¬ 
scribed, 97. 

Chimney, method of computing the brick 
work of a, 80. 

Chord, terra defined, 8. 

Circle, definition of, 3 ; arc of described, 
3; diameter of, defined 3; divisions of, 
described, 3; radius, term defined, 8. 

Circle, problems on the:—to find the cen¬ 
tre of a, 8 ; to describe the circumfer¬ 
ence of a, through three given points, 8; 
to draw a tangent to a, through a given 
point, 8 ; to find the diameter and cir¬ 
cumference of a, the one from the 
other: formulae and examples, 25; in 
a given, to inscribe any regular poly¬ 
gon, or to divide the circumference into 
any number of parts, 10; in or about a, 
to describe a square or an octagon, 12; 
in a, to describe a trigon hexagon, or a 
dodecagon, 12; in a, to inscribe a pen* 
tagon or decadon, 18; example, 18; to 
inscribe a, in a ^ven triangle, 11; lo 
describe a, in or about a given square, 
11: example, 12; to circumscribe a, 
about a given triangle, 11; example, 
11; about a, to circumscribe any regiidar 
polygon, 10; to find the area when the 
radius or half diameter is given, 42 ; ex¬ 
amples, 42 ; when the circumference is 
given, 42. 

CSrele, arc of % the chord and height 
being given, to find the diameter imd 
Chora of half the arc, 28. 

Circle, arc of a, to find the length of any, 
28; formulw and examples/ls. 

Circle, segment of a, to find the area of, 
45: formulae and examples, 45. 

Circle, sector of a, to find the area of, 48; 
fonnuls and examples, 43. 




IKBSX. 


tbe area ia. 

eicfl^r^iif ♦ formula and 

tables of area, of eeg. 

Compasses described, 96. 

A wAiff ci® conrex surface of 

’ 'ormula and examples, 58. 

^nV O' a, to find the s«^d cot- 

60 • to example^ 

a ^ convex surface, 61; 
t^es and exam^es, 61. 

Cross described, O-t, 

C^, definition of, 53; problem i»latia« 
TO the, ,5o; to find the solidityf of 66: 
^ulae and examples, 55. ^ ’ ’ 

cube symbol of, described, 18, 

correction for, described, 118 ; 
table of corrections for, 13S. 

curves, railway, method of laying out de¬ 
scribed, 127 ; forms of, explained, 127; 

common 

method, 127; examples, 128; to lav 

^ a curve by offsets from its tangents, 

130:-(1.) Whl the 
iength does not exceed one quarter of 

129. (2.) When it is any 
fw 13? ^ 

*® contents of, 

loO; tables described, 1.30; to take the 

^ contents 

a,?s“ H?® 132; examples, 132 ; to 

^d the content from the sectional 
areas, 13.3; examples, 134. 

Cylmder described, 53; to find the so- 
hdity of any, 57; formulse and exam- 
^es, o7 ; to find the area of the surface. 

07 . ' 


^tam, uae of, explained, 122, 
ec^on, to inscribe a, in a given circle. 

lo. ^ 

Degree, term described. 3. 

Diameter of a circle defined, 3. 

^vision, sign for, described, 18. 

Dodecagon, to describe a, in a given 
circle, 12. ® 

Dodecahedron, described, 54 . 

Dome, to find the surface and solidify of a 

height and base given, 91|; examples,91.’ 

Ellipse, to draw an, 16; with thread, de¬ 
scribed, 15. 

Ellipse, problenofl relating to the t—to con¬ 
struct a figure resembling an, by circn- 
lar arcs from four centres, 14; to de¬ 
scribe a true, 15; given any three of 
pie four following parts to find the 
fourth: traverse axis, conjugate axis, 
Oie abscissa, and the ordinate, 31; to’ 
find the area of an, 48; formulae and 
exaraiiles, 48; given the axis to find 
the eircomference, 32; formula and 
examples, 32; segment of an, to find 
the area the chord of which is parallel 
to one of the axis, 48 ; examples, 48. 
Engineering, surveying, 115; levelling, 
term defined, 115, prwtice of.described. 


190; hutmment. dMoibed, 11* • T. 

curaature, 118; for refaj 

Equity, sign for, 18, 

Unilateral triangle defined, 9. 

Estates, method of sorveTiiur large, bv 
the Cham, described. Hi ^ ^ 

ExOTcise., promiscnoQB, 69 . 

Fkld book deeciibed, 98; method ot en- 
tei^ notes, 96; example of, 180. 

“®thod of surveying 
with Cham and cross, 100; to find the 
content, lOO; examples, 100. 

Jtields contamed by more than fonr sides, 
method of surveying with chain and 
croM described, 101; to find the con¬ 
tent, 101 ; examples, 101, 

Fields, included by curved sides, method 
of suireying with chain and cross, de- 
senbed, 104; examples, 105. 

Fields in the fewm of trapeziums, method 

of surveying with chain and cross. 99 • 
examples, 99. v«., w. 

Fields, triangular, to measure with chajTi 
and cross, described, 98 ; construction, 

»8; to find the content, 98; examples, 

Fields, fonr-sided, method of surveying 
vmh chain alone, 111, examples, IIL* 
Jtields with more than four sides 111 • 
examples, 112, 

to survey with chain. 
108; examples, 108. 

Figures all similar are like^to one another, 

M the squares of their homologous or 
like sides: theorem, 17. 

Frastrum, term defined, 54; parabolic, to 

find the ares of a, 49; formulte and ex- 
amples, 49. 

Geometrical theorems, 10. 

Geometry, practical problems, 4 . 

Glaziers’ work, method of measuring. 68: 
examples, 88. 

Globe, to find the content of a, 65; for- 
mulse and examples, 65. 

Gravatt’s levelling staves described, 118. 
Gunter’s chain described, 92; method of 
using, 94. 

Height of a pyramid, term defined, 64 ; 

of a solid, term defined, 64. 

Heptagon described, 3. 

Hexagon defined, 3; to form a, on a given 
line, 9; to describe a, in a given circle, 

12 m 

Hexahedron described, 64. 

Hyperbola, to construct a, 16 

Icosahedron described, 64 
Irregular pyramid defined, 54. 

Isoeceles triangle defined, 2. 

Joiners* work, measurement of, see 



mmreying, 92; ditches, method of 
measuring, 95; ponds and rivers, 
method of meas'uiiig, 94; boundaries, 
94; field book described, 96; instru- 
menta described, 92, 95; method of 
measuring lines on the ground, 93; 
planning survey, described, 96. 

Land sonreying with chain and cross, 87 ; 
triangular fields, 98 ; fields in the form 
of trapeziuins, 99; four-sided fields, 
100 ; fields contained by more than 
four sides, 101; field, included by curved 
•ides, 104; to measure a line across a 
fiver, 107- 

Land surveying with chain only, 108; 
triangular fields, 108; four-sided fields, 
111; with more than four sides, 111; 
parishes and large estates, 113. 

Level book, exam^es of, 122, 123, and 
125. 

Levelling, term defined, 115; instm* 
ments described, staves described, 118; 
use of, described, 120; practice of, de¬ 
scribed, 120; to tod the differences of 
levels of several points, 120; to draw a 
sectional line of sevenil in the earth^s 
surface, the levels of which have been 
taken, i2L 

Levelling, practice of, levels for the for¬ 
mation of a section, 124; example of 
level book, 125. 

line defined, 1; datum described, 122; 
i4g^t definition of, 1; straight, defined, 

1 . 

lines, mensuration of, 19; application of, 
19; parallel, described, 1. 

Linear measure, table of, 19, 97. 

Lune, to find the area of a, 47; exam¬ 
ples, 48. 

liasons’ work, method of measuring, 82; 
examples, 83. 

Blensuration described, 1; of lines, ap¬ 
plication of, 19. 

Mensuration, problems, 19; of solids, 
62; of surfaces, 34. 

Minute, defined, 3« 

Miscellaneous exercises, 52. 

Multiplication, symbol for, described, 18. 


Oblfapie prism defined, 63; pyramid de¬ 
fined. 

Obtuse angle defined, 1; angled triangle, 
definition of, 2. 

Octagon described, 8, 

Oetaion, prolilemB rslating to the:—to 
mdca an, on a given Une, 9; to de¬ 
scribe an, in ab^ a given chxle, 12. 

Octahedron described, 64. 

OfBset-otalf, described, 64; method of 
using, 94. 


Paintecs’ work, method of measuring, 88; 
exordaes, 88. 

teaboia, te describe or construct a, 16; 


, woblems relating to the :*-any 
two of die following parts being given 
iDfindtholliiia: the psiamaler, the ab¬ 


scissa, and the ordinate, S3; formulsi 
and examples, 33 ; to find the area of a, 
49 ; formulae and examples, 49 ; to find 
the length of an axe of a, its ordinate 
and abscissa being given, 33; formulas 
and examples, 33. 

Parabolic frustitmi, ro find the area of a^ 
49 ; formulae and examples, 49. 

Paraboloid, to find the solidity of a, 72; 
examples, 72. 

Paraboloid, frustrum of a, to tod the soli¬ 
dity of, 72; examples, 72. 

Parallel lines defined, 1. 

l^arallelogram descril^ed, 2. 

Parallelogram, problems relating to:—tc 
describe a reel angled, having a given 
length and breadth, 6 ; to find tiie area 
of a, 34 ; formulae and ex^un^ies, 34. 

Parallelopipedon described, 53 : to tod 
the Bolidity of a, 56; formul® and ex¬ 
amples, 66. 

Parishes, method of 8 iirve 3 ing, with 
chain, described, 113. 

Paviors’ work, method of measuring, 89 ; 
examples, 89. 

Pentagon described, 3, 

Pentagon, problems relating to:—to make 
a regular, on a given line, 9; to in¬ 
scribe a, in a given circle, 13; example, 
13. 

Pentagonal prism defined, 62. 

Plane, term defined, 1; triangle, defin6d,2 

Planning sun^eys described, 96. 

Plasterers’ work, method of measuring, 
87; examples, 87. 

Plotting scales, described, 95. 

Plumbers’ work, method of measuring, 
89; examples, 90. 

Point, term defined, L 

Polygons described, 3* 

Polygons, problems relating toto make 
a, on a given line, 9; to inscribe a, in 
a given circle, 10; to circumscribe a, 
about a circle, 10; to find the angles of, 
10; to find the centre of a, or the 
centre of its inscribed or circumscribed 
circle, 11; irregular, to find the area of, 
40; examples, 40; regular, to tod the 
area of, 41; form^ae and examples, 41; 
regular, being given, to find the radii of 
its inscribed and circumscribed circle, 
24; fonnulsQ, 24; examples, 25; t4yi>l6S 
of, 10, 24. 

Practice geometry, problems in, 4. 

Prism, definition of, 52; oblique, defined, 
63; pejntagonal, defined, 52; right, de¬ 
fined, 63; square, defined, 52; triangu¬ 
lar, defined, 52; to tod solidity ol 
any, 67 : fonnulw and examples, 57; te 
find the area of the surface of a, 57. 

Prismoid defined, 84; to tod the con* 
tent, 64; formulw and examplea, 64. 

Promiscuous exercises, 52L 

Proportion, symbol for, 18. 

Pyramid, dennitkxi <rf, 63; axis of, de¬ 
fined, 53; frostrum of, defined, 54; 
height of, described, 54; irregular, de¬ 
scribed, 54 ; oblique, defined, 53; regu¬ 
lar . defined, 64; right, describ^ 58 



iin>£x. 


•egnwnt of a, described, 54 ; vertex of 
a, defined, 53. 

problems relating to theto 
find the wlidity of a, 68; examples, 58; 
to find the slant surface of a right, 58: 
foim^te and examples, 58; frusti-mn of 
a, to find toe solidity of a, 60; formula 
and exercises, 61; frustrum of a, having 
Its ends polygons, to find the contents, 
60; fomula, 60; examples, 61; frus- 
tnun of a, to find toe slant s^ace, 61. 

Quadrant, terra defined, 8. 

Quadrilateral figure described, 2. 

Ratous of a circle defined, 3. 

Railway curves, method of laying out, 
described, 127 i forms of curve de» 

^ 27 ; to lay out a onrve by 
the common method, 127; examples, 

; to lay out a curve by offsets from 
its tangents, 129:--.(1.) When the 
length of the cui’ve does exceed of its 
radius, 129; example, 130. (2.) To 

lay out a curve when it is any reouired 
length, 130; table of offsets to, 138, 
R^way cuttings, to find the contents of, 
130; earthwork tables described, 130; 
to take the dimensions, 131; to find the 
content from the depth, 132; to find 

the content from sectional areas, 133; 
example, 134. 

Rectangle described, 2. 

Refraction, correction for, explained, 119; 

table of corrections for, 138. 

Regular body defined, 54. 

Regular pyramid defined, 54. 

Rhomboid described, 2. 

Rhombus, definition of, 2. 

Right angle defined, 1. 

Right angled trkingle defined, %; line de^ 
fined, 2; a line, cutting two parallel 
lines, makes the alternate anirle : tlieo- 
rem, 17; pyramid, defined, 53; prism, 
definition of a, 53. 

Ring, to find the area of a circular, 47; 
formula and examples, 47; cylindrical, 
to find the solidity of a, 70: to fiid the 
snrface of a, 70 ;iormuIfiB and examples, 

70. ^ ’ 

River, to measure a line across a, with 
chain and cross, described, 107. 

Roofs, to find the concave surface of 
arched and vaulted, 90; examples, 90; 
to find the solid contents of materials, 

90; examples, 90. 

Scales, plotting, descrifc^, 95. 

Seconds defined, 3. 

Sector of a cirdie, definition of the term, 

S; to find the area of, 43; formulae and 
examples, 43. 

Segment of a circle, term defined, 8. 
Semicircle, definition of, 3. 

Slaters’ woric, method erf meafluring, 86; 
examples, 86. 

Sliding rule, see Carpenter^. 

Solid, term defined, 52; axis of, defined, 

63; faces erf, described, 64; measure. 


toble of, 64; segment of, described, 64 

frastxuTO of, defined, 54. 

any regular body 

72; examples, 73. 

Solitoties of regular bodies, table of, 73. 
Sohds aU similar are like to one another, 
as toe cubes of their like linear dimen. 
eions: theorem, 17; general rule for 
finding toe contents of, 136; Gompertz’s 
investigation of the above rule, 135 * 
examples, 136; mensuration of, 52. 
Specific gravity, term defined, 91; table 
of, 91; to find the weight of a body 
from Its bulk, 92; examples, 92; to find 
the magnitude of a body from its 
weight, 92; examples, 92. 

Sphere, definition of, 53; axis of, defined, 
53; segment of, described, 54. 

Sphere, problems relating to the to find 
the solid content of a, 65; examples 
66; to find the convex surface, 67; for- 
nnfiee and examples, 68 ; frustrum of a 
defined, 64; sector of, defined, 54; 
zone defined, 54 ; segment or zone, to 
find the convex surface, 67; formula 
and examples, 68. 

Spherical frustrum, to find the solid con¬ 
tents, 67; formula and examples, 67; 
segment, to find the soUdity of a, 66; 
examples, 66. 

Spheriod, to find the solidity, 70; formula 
and examples, 71 ; middle zone of a, to 
find the content, the ends being circu¬ 
lar, 71 ; examples, 71. 

Spindle, circular, defined, 64 . 

Spindle, problems relating to theto find 
the solidity of a, 68; formula and ex¬ 
amples, 68; to find the contents of the 
middle zone, 69; to find the convex 
surface, 69 ; examples, 70. 

Spindle, circular, problems on ; —^to find 
the convex surface of any segment or 
zone, 69; examples, 70. 

Square, definition of a, 2. 

Square, problems relating to the:-*4o de¬ 
scribe a, whose side shall be of a given 
length, 6 ; to describe a circle in, or a 
given squ^e, 11 ; examples, 12; to de¬ 
scribe a, in or alx)ut a given circle, 12; 
to make a, equal to two given, 14; to 
make a, equal to the difference between 
two given, 14; to make a, equal to the 

sum of any number of squares taken 
together, 14. 

Square measure, tables of, 84,97; prism, 
definition of, 52; root, symbol of, 18. 

Staff, offset desOTU>ed, 93; method of 
using, 94. 

Straight line, definition of, 1. 

Su aight line, problems on the4o divide 
a given, into two parts, 4; to draw a, 
at a given distance, par^^ to a given 
line, 4; throujgh a given point to draw 
a straight line parallel to a given 
straight line, 4 ; from a given point in 
a straight line to erect a peipendicnlar. 

4 . 

Subtraction, symbol for, 18. 

Surface, definition of, 1* 



br Mil 


iffote bodies, table oL 73. 
mmnmmtim oi» 73: of rei 




Boes, measoratioii of, 73; of rego- 
bodlM^ to Had the, 73; examplea. 


flweeya, pteantng, deaqribed, 96. 
Som^rtog, see Land Surveying and 
MngimSirimg 


Mrfiiwortc deacrlHM, 130; of 
of aegmenta of circles, 137 ; of 
tor currature and refrac¬ 


tion, 138; of linear mesanre, 19,97; of 
aHhifla far railway curves, 138; of poly¬ 
gons, 10, S4; of solid measure, 54; of 
^pec^ gmvity, 91 ; of square measure, 
8^ 97; of amaces of regular bodies, 
79; for measuring timber, 139. 
VsDgant, to draw a, through a given point 
to a cMe, 8, 

Tetrahedron defined, 54* 

Theorems, geometrical, 18. 

TUeia^ wtik^ method of measuring, 86; 
enmideB, 88. 

Umber measuring, 75; to find the ares 
or content of a plank, 75; examples, 
M; to find tiie area or content by the 
^ding role, 70; examples, 76; to 
find file solid content of squared 
timber, 78; examples, 77; by sliding 
fide, 78; example, 77; to ^d the solid 
content of unsquued timber, 78; ex¬ 
amples, 78; by sliding rule, 78; exam* 
ptos, 79; table, 189. 

Tnipe^d, definition of, 8. 

Tnimoid, noblems relating to the:—the 
base and two perpendiculars being 
given, to oonstroot a, 6; to find the area 
of a , 87; examples, 87* 
ly^Msium, definition of, 3; diagonal de- 
eoribedtS; to find the area of a, (1.) 
For any trapezium, 88. (3.) When 

two oproaite angle are aupplements of 
each omer, 88; examples, 38; to mea¬ 
sure with chain and cross, field in the 
fdim of a, 99; to find the content, 99; 
anmi^es, 99. 

TMangfa, acute ai^ed, defined, 8; equi- 
latonl,defined, 3; isosceles, defined, 3; 
obtuse ann^ed, defined, 3; plane, defl* 
nttton of, 3; riigfat ai^^ defined, 3. 
frintfla, problems reusing to the:— to 
oonamiot a, with three given right lines, 
two of which muBt be greater than 
Ibi ChMiji; given the base and per¬ 


pendicular, with the place of the latter, 
to construct the triangle, 5; to con¬ 
struct a right angled, having a ^ven 
base and perpendicular, and to find the 
hypothenuse, 6; given the base and 
h 3 rpothenu 8 e, to construct the right 
angled triangle, and find the perpen¬ 
dicular, 7; to inscribe a circle in a 
given, 11; examples, 11; about a, to 
circumscribe a circle, 11; examples, 
11« to make a, similar to a given, 13; 
examples, 13; to find one side of a 
right angled, two being given, 19: for- 
mulss and examples, 20; two sides and 
base being given, to find the perpen¬ 
dicular, 23; formulae and examples, 
23; to find the area of a, 36; formulae 
and examples, 36; to find the area of 
a, by the chain, 109; the greatest side 
of every, is opposite the greatest angle : 
theorem, 17; any two angles being 
given, the, becomes known: theorem, 
17; simil^, are to OTie anotherin the 
duplicate ratio of their homologous 
sides: theorem, 17. 

Triangular prism, definition of, 52. 

Triangular fields, method of surveying 
with chain and cross, 98 ; construction, 
98; to find the content, 98; examples, 
9S. 

TViangular field, method of surveying 
with chain, 108; examples, 108. 

Trig >n, to describe a, in a given circle, 12. 

Vaulted roofs, to find the concave surface 
of, 90; examples, 90; to find the con- 
tent of the materials^ 90; examples, 
90. 

Wedge, to find the solidity of a, 68; for¬ 
mulas and examples, 68. 

T-level, construction described, 115; ad¬ 
justments described for parallax and 
collimation, 116; of buble tube, 117; 
of the axis^peipendiciilar to the vertical 
ftxiB, 117. 

Zone, circular, to find the diameter of a, 
its parallel chords and its breadth being 
given, 80; formulae and examples, 30; 
circular, to find the area of a. 46; eto 
amplesi 46 . 
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